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WHEAT PLANTS HAVING INCREASED RESISTANCE TO 
DVUDAZOUNONE HERBICIDES 

CROSS-REFERENCE TO RELATED APPUCATIONS 
5 This q)plication claims the priority benefit of U.S. Provisional 

Application Serial No. 60/3 1 1,180 ffled August 9, 2001. 

FIELD OF THE INVENTION 

The present inv^ition relates in general to plants having an increased 
10 distance to imidazolinone habiddes. Mote specifically, the presmt invmtion 
relates to \^iieat plants obtained by mutagenesis and cross-lwreeding and 
transformation that have an mcreased resistance to imidazolinone h^iddes. 

BACKGROUND OF THE INVENTION 

15 Acetohydroxyadd synthase (AHAS; EC 4.13.18) is flie first aizyme 

that catalyzes die biochemical synthesis of flie branched chain amino adds valine, 
leucine and isol^idne (Singh B. KL, 1999 Biosynthesis of valin^ Iwcine and 
isoleudne in: Sin^B.K. (Ed) Plant amino adds. Marcel DeUcerm^^ NewYoric, 
New York. Pg 227-247), AHAS is the site of action of four structuraUy diverse 

20 herbidde families mcluding tiie sulfonylureas (LaRossa RA and Falco SC, 1984 
Trends Biotechnol. 2:158-161), the imidazolinones (Shaner et al., 1984 Plant Physiol. 
76:545-546), the triazolopyrimidines (Subramanian and Gerwick, 1989 Inhibition of 
acetolactate synthase by triazolopyrimidines in (ed) Whitaker JR, Sonn^ PE 
Biocatalysis in agricultural biotechnology. ACS Synqwsium Series, Amaican 

25 C3iemical Society. Washington, D.C, Pg 277-288), and the pyrimidyloxybrazoates 
(Subramanian et al., 1990 Plant Physiol 94: 239-244.). Imidazolinone and 
sulfonylurea heibiddes are widely used in modem agriculture due to their 
eflfectiveaess at vc^ low application rates and relative non-toxicity in animals. By 
inhibiting AHAS activity, these families of herbiddes prevent furtho- growth and 

30 development of suscq)tible plants including many weed spedes. Sev^al examples of 
commercially available imidazolmone herbicides are PURSUIT® (nnazethapyr), 
SCEPTER® (imazaquin) and ARSENAL® (imazapyr). Examples of sulfonylurea 
hwbicides are chlorsulfuron, metsulfuron methyl, sulfometuron methyl, chlorimuron 
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^yl, thifeisulfiiron meihyl, tiib«iuron methjl, bensulfiirbn m^yl, nicosulfuron, 
^hametsulfiiroa methyl, rimsulfiuon, triflusulfuron m^yl, triasulfiiroQ, 
piimisulfuron meth^ ciuosulfuion, amidosulfiiron, fluzasulfuron, imazosulfuion, 
pyrazosulfiiroa ethyl and halosulfiiroiL 
5 Due to their hi^ effectiveness and low-toxicity, imidazolinone 

heibicides arc fevored for implication by spraying over the top of a wide area of 
vegrtation. The ability to spray an herbicide over the top of a wide range of 
vegetation deareases the costs associated witti plantation establishment and 
maintenance and decreases tiie need for site pr^aration prior to use of sudi 
10 chemicals. Spraying over the top of a desired tolerant q)ecies also results in the 
ability to achieve maximum yield potential of tiie desired species due to the absence 
of competitive q)ecies. However, flie ability to use such spray-ovCT techniques is 
dq)eDdeat iq>on the presence of imidazolinone resistant q>ecies of the desired 
vegetation in the q>ray over area. 
IS Among the major agricultural cropis, some leguminous ^)ed[es such as 

soybean are naturally resistaot to imidazolinone hobicides due to thdr ability to 
rq>idly metabolize the heibidde compounds (Shin^ and Robinson, 1985 Weed Sd. 
33:469-471). Oflier oops sudi as com (Newfaouse %t al., 1992 Plant PhysioL 
100:882-^86) and rice (Biatrette et aL, 1989 Qcop Safeners for Hedbiddes, Academic 
20 Press New York, pp. 195-220) aie somewhat susceptible to imidazolinone hobiddes. 
The differential sensitivity to tbe imidazolinone heibiddes is dependent on the 
diemical nature of the particular heibidde and diff^ential m^abolism of fiie 
compound fiom a toxic to a non-toxic form in eadi plant (Shaner et aL, 1984 Plant 
PhysioL 76:545-546; Brown ^ aL, 1987 Pestic. Biodian. PhysioL 27:24-29). Other 
25 * plant physiological differences sudi as absotption and translocation also play an 
important role in saisitivity(Shan^ and Robinson, 1985 Weed ScL 33:469-471). 

Crop cultivars resistant to imidazolinones, sulfon^ureas and 
triazdlopyiimidines have been successfoUy produced using seed, tniciospoie^ 
and callus mutagenesis in Zea mays, Arabidopsis thaliana. Brassica napus. Glycine 
maxy and Nicotkma tabqcum (S*astian et aL, 1989 Crop Sd. 29:1403-1408; 
Swanson et al., 1989 Theor. AppL Genet 78:525-530; Newhouse et aL, 1991 Theor. 
AppL Genet 83:65-70; Satbasivan et aL, 1991 Plaot PhysioL 97:1044-1050; Mourand 
et aL, 1993 J. Haedity 84: 91-96). In all cases, a smgle, partially dominant nuclear 
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g^e conferred resistance. Four imidazolinone resistant wheat plants w^e also 
previously isolated Mowing seed mutagenesis of Triticum aestivum L. cv Fidel 
O^ewAouse et aL, 1992 Plant PhysioL 100:882-886). Inheritance studies confinned 
fliat a single* partially dominant gene confored resistance. Based on alleUc studies, 
5 the auOiois conchided that the mutations in tiie four identified lines wctc located at 
the same locus. One of the Fidel cultivar resistance gmes was designated FS-4 
(Newhouse et aL, 1992 Plant PhysioL 100:882-886). 

Comput^-based modeling of tiie three dimensional confomiation of 
flie AHAS-inhibitor complex predicts several amino adds in the proposed inhibits 
10 binding pocket as sites whore induced mutations would likely confo: selective 
resistance to imidazolinones (Ott ^ aL, 1996 J. MoL BioL 263:359-368) Wheat 
plants produced wifli some of these rationally designed mutations in tfie proposed 
binding sites of flie AHAS enzyme have in fict exhibited spedfic resistance to a 
dn^e class of heibiddcs (Ott et aL, 1996 J. MoL BioL 263:359-368). 
15 Pl^t resistance to inudazolinone heibiddes has also bcCT reported in 

a number of patents. U.S. Patent Nos. 4,761,373. 5^31,107, 5^04,732, 6,211,438, 
6,21 1,439 and 6,222,100 ganaally describe fte use of an altered AHAS geae to elidt 
heibidde resistance in plants, and specifically discloses ceitam imidazolinone 
resistant com lines. U.S. Patent No. 5,013,659 discloses plants exhibiting hobidde 
resistance possessmg mutations in at least one amino add in one or more conserved 
regions. The mutations described theredn mcode dther cross-resistance for 
imidazolinones and sulfonjdureas or sulfonylurw-spedfic resistance, but 
unidazolinon^specific resistance is not desoibed Additionally, U.S. Patait No. 
5,731,180 and U.S. Patmt No. 5,767361 discuss an isolated g^e havmg a single 
25 aminp^ add substitution in a wild-type mpnocot AHAS amino add sequence that 
result in imidazolinone-spedfic resistance. 

To date, the prior art has not described imidazolinone resistant ^^leat 
plants containnig more tiian one altered AHAS gene. Nor has the prior art described 
imidazolinone resistant wheat plants containing mutations on genomes otiier than ttie 
30 genome fixmiwhiditiieFS-4gCTe is derived. Therefore, what is needed in flie art is 
the idmtification of imidazoUnone resistance g^esfix>m additional glomes. What 
are also needed in flie art are wheat plants having increased resistance to herbicides 
such as imidazolinone and containing more tiian one alt«ed AHAS gene. Also 
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needed are methods for controlling weed growtii in the vicinity of sudi wbest plants. 
Tliese conqwsitions and mettiods would allow for the use of spray ovct techniques 
^en applying h^iddes to ateas containing wheat plants. 

5 SUMMARY OF THE INVENTION 

The present invention provides ^eat plants comprising IMI nucleic 
adds, wherein ttie wheat plant has increased resistance to an nnidazolinone heAidde 
as coii5>ared to a wild-type vari^ of flie plant The wheat plants can contain one, 
two. toee or more IMI nudeic adds; ia one cmbodimeot, the wheat plant comprises 

10 multiple imnucldc adds located on diflferentgOTomes. Preferably, tiie IMI nucldc 
adds^ encode protdns conqnising a nmtaticm m a conserved amino add sequence, 
sdected fiom ttie group consistmg of a Domain A, a Domam B, a Domain C, a 
DomainDandaDomainR More preferably, flie mutation is in a conserved Domain 
E or a conserved Domam C. Also provided are plant parts and plant seeds derived 

15 fiom die ^eat plants desmbed herein. Iq anoth» embodiment, Oe ^eat plant 
coinprisesanlMInncldcaddfliatisnotanlminn^^ The IMI nucldc add 

can be an LniZ or ImiS nucldc add, for example. 

The IMI nucldc adds of the present invention can comprise a 
nucleotide sequmce sdected fiom &e group ccwisistnig of: a polynucleotide of SEQ 

20 ID N0:1; a polyaucleotide comprising at least 60 consecutive nucleotides of SEQ ID 
NO:l; and a polynucleotide complementary to SEQ ID N0:1. 

The plants of the present invention can be transgeoic or non- 
transgenic. Exan^les of non-transgaric wheat plants having increased resistmce t^ 
imidazolinone h^icides indude a wheat plant havmg an ATCC Patent Dqiosit 

25 Designation Number PTA^l 13; or a mutant, recombinant, or gweticaUy caigineered 
derivative of the plant with ATCC Patent Deposit Designation Number PTA-41 13; or 
of any progeny of the plant with ATCC Patent Dqwsit Dedgjoation Nu^ 
41 13; or a plant that is a progeny of any of these plants. 

In addition to the compositions of the present mvoition, several 

30 methods are provided Described herein are methods of modifymg a plant's tolerance 
to an imidazolinone herbidde comprising modi^dng die expression of an IMI nucldc 
add in the plant Also described are methods of producing a transgmc plant having 
increased tolerance to an imidazolinone haticide comprising, transforming a.plant 
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cell with an expression vector comprising one or more IMI nucleic acids and 
aerating the plant fibm the plant cell. The invention further includes a method of 
controlling weeds within the vicinity of a wheat plant, conq)risiDg qjplying an 
imidazolinone habidde to the weeds and to the wheat plant, v/hmixx tiie wheat plant 
5 has increased resistance to the imidazolinone herbicide as compared to a wild type 
variety of flie wheat plant and \^1iCTein the plant conq)rises one or more IMI nucleic 
adds. In some prefenedonbodunmtsofthese methods, flie plants comprise mult^^ 
INH nucleic adds that are located on differrat wheat genomes. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

, Figurel dK)wsfliepaitial^NA.sequmceof EinkomlMB^SEQID 

NO:l). 

Figure 2 shows the partial cDNA sequence of Einkom IMD as 
conq>ared to a wild type Knkom sequence (SEQ ID NO:2) and a consensus sequence 
15 (SEQIDNO:3). 

Figure 3 is a sdiematic rqiresentation of flie conserved amino add 
sequaices in the AHAS genes mq>licated m resistance to various AHAS inhibitors. 
The specific amino add site req>oi]sible for resistance is indicated by an undoline. 
(Modified firom Devine, M. D. and Eboidn, C. v., 1997 Phyaolo^cal, b^ 
20 and molecular aspects of herbicide resistance based on altered target sites in 
H«bicide Activity: Toxidty, Biochemistry, and Molecular Biology, lOS Press 
Amsterdam, p. 159-185). 

Figure 4 is a table showing parental wheat lines used to determine 
allelic relationships among IMI genes. 
25 Figure 5 is a table showing E2 segregation data demonstrating flie 

location of the EM2 mutation on flie A genome. 

Figure 6 is a table showing various agronomic characteristics that 
could be affected by hobidde injury in both Einkom control and EM2 plants. 

Figure 7 is a table showing the evaluation of an Einkom control and 
30 EM2 plants for overall ax>pi2^ury at three rates of iniazamox. 

Figure 8 is a table showing increased resistance to imidazolinone 
heibiddes in wheat cultivars i5>on stacking of IMI nucleic acids. 
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DETAILED DESaaPnON 

: The present invoition is directed to wheat plants, ^eat plant parts and 
v^eat plant cells having increased resistance to imidazolinone herbicides. The 
present invention also includes seeds produced by the wheat plants desoibed herein 

5 and melhods for controlling weeds in die vicinity of tiie wheat plants described 
herein. It is to be understood that as used in &e specification and in the clainos, "a** or 
"an* can mean one or more, dq)aiding upon the context in which it is used, Hius, for 
example^ reference to "a cdl** can mean tiiat at least one cell can be utilized. 

As used herein, tiie tmn *^«rtieat plant^ refers to a plant that is a 

10 member of fbe Wticum genus. The wheat plants of ttie preset invention can be 
members of a TrUicum genus hicluding, but not limited to, Ti aestivuM fT. turgidwri y 
T. timqpheevU^ T. monococcum^ T. dtukovslyi and T. urartu and hybrids thereof 
Bxanq>les of T. aestivum 8ubq>ecies included within flie present invention are 
aesthnm (common wheat), conqfoctum (club wheat), mocha (macha wheat), vovz/ovi 

IS (vavilovivdieat),jpe/liaand5pAa6cr(Hx>cc^ Examplesof T. fii/i^id^ 

subq>edes induded wiflihi fiie present invention are turgidum^ carMiam^ dicoccon, 
durum^ paleocokhiam^ polonicum, tunmiam and dicoccoides. Exanq>les of T. 
monocaccum subspecies included wiflun tbc present invention are monococam 
(einkom) and degilopoides. Ja one embodiment of tire present invention, tilie y^eat 

20 plant is a membo* of flie Triticum monococam q>ecies, and more particularly, the 
Einkom accession. 

The term 'Vheat planf is intmded to encompass wheat plants at any 
stage of maturity or developm^t as well as any tissues or organs (plant parts) takm 
or derived fimn any such plant unless otha:wise clearly indicated by contesct Plant 

25 parts include^ but are not limited to, stCTis, roots, flowers, ovules, stamens, leaves, 
embryos, meristematic r^ons, callus tissue, anther cultures, gametophytes, 
sporopfaytes, poUoi, rnicrospores, protoplasts and die like. The present invention also 
includes seeds produced by the wheat plants of the present invention. In one 
embodiment, flie seeds are true breeding for an increased resistance to an 

30 imida2x>linone hert>icide as compared to a wild type variety of the ^eat plant seed. 

The present invention describes a wheat plant comprising one or more 
IMI nucleic acids, wherein the ^eat plant has increased resistance to an 
imidazolinone hoibicide as compared to a wild-type variety of the plant As used 



6 



wo 03/014356 



PCT/CA02/01050 



heidn, the tern TMI nucldc acid" refers to a nucleic acid that is mutated fiom an 
AHAS nucleic acid in a wild ^pe wheat plant fliat conf^ increased imidazolinone 
resistance to a plant in which it is transcribed In one ©mibodimeat, the wheat plant 
comprises multiple IMI nucleic acids. As used whm describing flie IMI nucleic 

5 acids, ttie tarn **multq)le'' refers to IMI nucleic acids ttiat have diflfCToit nucleotide 
sequences and does not refe to a mere increase in numb^ of ttie same IMI nucleic 
add. For example^ the IMI nuddc adds can be different due to the &ct that tb^ 
dmved from or located on different ^eat genomes. 

li is possible for fht wheat plants of tfie present invendon to have 

10 multiple IMI nucldc adds fiom different genomes since &ese plants can contain 
- more tiian. one gencmie. F6r exanqple, a IHiicum aestivum wheat plant contains tibree 
genomes sometimes tefecred to as flie A, B and D genomes. Becaose AHAS is a 
required metalK)lic. cmym^ it is assumed fliat each genome has at least one gene 
coding far tbe AHAS enzyme, commonly seen with other metabolic enzymes in 

IS hexqploid wheat that have been mqiped. The AHAS imcldc add on eadi genome 
can, and usually does, differ m its nucleotide sequence fitxn an AHAS nucldc add on 
anoflier goome. One of skill in flxe art can detennine tfie genome of origm of each 
AHAS nucleic acid tituou^ genetic crossing and/or ei&er sequencing methods or 
exonudease digestion meQK>ds known to those ofddll in the art For the purposes of 

20 this invention, IMI nucldc adds draived fiom one of the A, B or D genomes are 
distinguish e d and designated as hnil, hni2 or Tmi^ nucldc acids. It is not stated 
herein that any particular hni nucldc add class correlates with any particular A, B or 
D genome. For example, it is not stated h^dn that the hnil nucldc acids correlate to 
A genome nucldc acids, that Imi2 nucldc adds correlate to B g^ome nucleic adds, 

25 etc. The hnil, Ihu2 and Imi3 designations merely indicate ttiat the IMI nucleic adds 
witiiin each such class do not segregate indq)endently, iT^ereas 
fix>m diffor^ classes do segregate independently and may therefore be derived fiom 
diffCToit wheat genomes. 



30 Newhouse ^ al. (1992 Plant PhysioL 100:882-886). The Imi3 class of nucleic acids 
includes the Einkom 1MB gme desmbed below.. Eadi hni class can include 
members fiom different wheat spedes. Therefore^ each hni class includes IMI 
nucldc acids that differ in their nucleotide sequence but that are nevertiieless 



The hnil class of nucleic adds includes the FS-4 geae as described by 
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designated as originating from, or being located on, tbe same wheat gqaome using 
inheritance studies as known to those of ordinary skill in the art 

Accordingly, the present mvention includes a wheat plant comprising 
one or more IMI nucleic adds, \rfi«ein tte ^eat plant has increased resistance to an 
5 imidazolinone heri>idd6 as compared to a wild-^pe vari^ of die plant and ^aem 
the one or more IMI nucleic acids are selected from a groip consisting of an Imil, 
Imi2 and Imi3 nucleic add- In one CTibodimait, flie plant con5)rises an Lni3 nucldc 
acid- In a prefOTed embodiment, the Imi3 nucleic add comprises (he polynudeotide 
sequence shown in SEQ ID N0:1. In anotha: embodiment, flie plant conq)rises an 
10 bnil or an Imil nucleic add. 

-As used hfiSrem wift regard to nuclde adds, the tenn "fi^ 
nucldc add "located on** or ''derived from" a particular gmome. The tcnn 'located 
on** refers to a nucldc acid contained within that particular genome. As also used 
herdn wifli regard to a genome, ttie tenn "derived from** refeis to a nucldc add that 

15 has been removed or isolated from tiiat g«ome. The tram •isolated*' is defined in 
mored^ailbdow. 

In another embodiment, the wheat plant conopises an IMI nucldc 
acid, wherdn flie nucldc add is a non-Iimil nucldc add. The tern ''non-Bml**, 
refos to an IMI nucldc add diat is not a monber of flie Imil class as described 

20 above. One example of non-Imil nucldc acid is the polynucleotide sequmce shown 
inSEQIDNO:l. Accordingly, ma preferred embodiment, the wheat plant conqxrises 
an IMI nucleic add comprisirig the polynucleotide sequfflce 

The present invention includes wheat plants conqxrising one^ two, 
ttupee or more IMI nucleic acids, wherdn the ^eat plant has increased resistance to 

25 aniimdazolinonehert>icideasconq>aredtoawild-^evarietyofthepl^^ ThelMI 
nucleic adds can comprise a nucleotide sequence sdected from the group consisting 
of a polynucleotide of SEQ ID NO:l; a polynucleotide conqxrismg at least 60 
consecutive nucleotides of SEQ ID N0:1; and a polynucleotide conqxlonentary to 
SEQIDNp:!. 

The imidazolinone heri)idde can be selected from, but is not limited 
to, PURSUIT® (imazethapyr), CADRE® (imaz^c), RAPTOR® (imazamox), 
SCEPTER® (irnazaquin), ASSERT® CunazethabCTz), ARSENAL® Qm2aapyr), a 
derivative of any of the aforementioned heri)icides, or a mixture of two or more of ttie 
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aforOTOTtioned hobiddes, for example, imazapjT^ More 

q>ecifically, flie imidazolmone habidde can be selected fiom, but is not limited to, 2- 

(4-isopK)p3d-4-methyi-5-oxo-2-imidiazolin-2-yl^^ arid, 2-<4-isopiop>i>4- 

me&y!-5<)xcH2-inuda2oIin-2-yl)-3-quinolinecaibox^ add, 5-eftiyl.2-{44sopropyl- 

5 4-meai3d-5-oxo-2-imida2oIin-2-yl>^iicotinic add, 2-(4-isopn)pyl-4-m^yi-5-oxo-2- 

imida2oljn-2-yI)-5-(m^oxymetti^nicotinic add, 2-(4-isopn)pyl-4-mdhyi-5-oxo-2- 

inudazolm-2-y]>-S-mefliylmcotinic arid, and a mixture of methyl 6-{4-isopropyl-4. 

m^)i-SH>xo-2-imidazolin-2-y])-m-toluate and mefliyl 2-(4-isoprop)d-4-mdhyl-5. 

oxo-2-imida2olin-2-yl)-p4oluate. Theuseof 5-^>i-2-<4-isopropyl-4Hmeai>i-5-oxo- 

10 2-imidazolin-2-y0^cotimc acid and 2-<4-isopropyl-4-mefliyl-5K)xoT2-imidazolin-2- 

- yi^5r(m^X3anediyl>nicotinic arid is piefered - use of 2-<44sopiq>yl-4- 

methyl-5-oxo-2-imidazolin-2-yi>5-(mdhoxym^yl)HU acid is paiticulaify 

prefened. 

In one CTboduneot, flie wheat plant conqxrises two IMI nucldc arids, 
15 whadn the nucldc arids are denved fiom or located on dififerent wheat genomes. 
Ptefistably, one of flie two nucldc arids is an imiS nucldc add. Moreprefoably, tbo 
lmi3 nucldc add con^iises the polynucleotide sequence of SBQ ID NO:l. In 
another embodiment, the wheat plant comprises one IMI nucleic acid, wherdn ttie 
nucldc add oonqirises the polynucleotide seqnmce of SEQ ID NO:l. In yet another 
embodiment, the wheat plant conq>rises three or more IMI nucldc arids wheidn eadi 
nucldc arid is fiom' a dififerait gmome, Prefaably, at least one of the three IMI 
nucldc acids conq^rises a polynucleotide sequrace as shown m SEQ ID N0:1. 

Iq a preferred onbodiment of the present invention, the one or more 
IMI nucldc acids contained wiflun flie plant encode an amino add sequence 
25 comprising a mutation in a domain fliat is conserved among several AHAS proteins. 
These conserved domains are referred to herein as Doiiiain A, Domam Domain C. 
Domain D and Domam E. Figure 2 shows the general location of each domain man 
AHAS protein- Domain A contains the ammo add sequence AITGQVPRRMIGT 
(SEQ ID N0:4). Domain B contains the ammo arid sequwice QWED (SEQ ID 
30 NO:5). Domain C contains &e amino acid sequmce WAYPGGASMEmQALT^ 
(SEQ ID N0:6). Domain D contabs the ammo acid sequence AFQEIP (SEQ ID 
NO:7). Domain E contains the amino acid sequence IPSGG (SEQ ID NO:8). The 
present invention also contemplates that thace may be sli^t variations m the 
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conseived domains, for exan5)le, in coddebeny plants, tbe serine residue in Domain 
E is rq)laced by an alanine residue. 

Accordingly, the preset invention includes a wheat plant comprising 
an IMI nucleic acid that encodes an amino acid sequoice having a mutation in a 
5 conserved domain selected &om the groiq) consisting of a Domain A, a Domain B, a 
Domain C, a Domain D and a Domain B. hi one embodiment, flie wheat plant 
conq>rises an IMI nucleic acid that encodes an amino acid sequCTce having a 
mutation in a Domain E. In further prefoxed CTobodiments, the mutations in the 
conserved domains occur at the locations indicated by flie following underlining: 

10 AITGQVPRRMIGT (SEQ ID N0:4); QWED (SEQ ID NO:5); 

- VFAYPGGASMEIHQALTRS <SEQ ID N0:6); AjFQETP (SEQ ID NO:7) and 
IPSGG (SEQ ID N0:8). One prefiaied substitution is asparagine for serine in 
Domain B (SEQ ID NO:8). 

The wheat plants desCTbed herein can be eith^ transg^c wheat 

15 plants or non-transgenic ^iieat plants. As used herdn,flie term *%ansg^c** refers to 
any plant, plant cell, callus, plant tissue or plant part, that contains all or part of at 
least one recombinant polynucleotide. In many cases, all or part of the recombinant 
polynucleotide is stably integrated into a chromosome or stable extia-^faromosomal 
elonent, so that it is passed on to successive g0[ierations. . For the purposes of the 

20 invoition, flie tean 'i:ecombinant polynucleotide*' refers to a polynucleotide that has 
been altered, rearranged or modified by ^etic eagjbdeering. Examples include any 
cloned polynucleotide, or polynucleotides, that are linked or joined to hetODlogous 
sequences. The torn **recombinanf" does not refer to alterations of polynucleotides 
that result fiom naturally occurring evrats, such as spontaneous mutations, or from 

25 non-spontaneous mutagenesis followed by selective breeding. Plants containing 
mutations arising due to non-spontaneous mutagoiesis and selective breedmg are 
refmed to herdn as non-transg^c plants and are included in the present invention, 
hi embodiments ^erdn flie wheat plant is transgenic and comprises multiple IMI 
nucleic adds, the nucleic adds can be doived fix>m different genomes or fiom the 

30 same genome. Alternatively, in embodimenis herein ttie wheat plant is non- 
transgemc and comprises multiple IMI nucleic acids, ttie nucldc acids are located on 
diffmnt genomes or on the same gmome. 
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An exanq)Ie of a non-transgmc wheat plant cultivar comprising one 
IMI nucleic add is the plant cultivar dqwsited with the ATCC under Patait Deposit 
Designation NumbCT PTA-4113 and designated herdn as the Einkom IMI ^^leat 
cultivar. The Binkom IMI wheat cultivar contains an ^m\'\ nucleic acid- The partial 
5 nucleotide sequmce corresponding to the Einkom IMI gme is shown in SEQ ID 
NO:I. 

A dq)osit of 2500 seeds of the Einkom IMI vAiest cultivars was made 
wifli flie American Type Culture Collection, Manassas, Vhginia on March 4, 2002, 
The dqx)sit was made in accordance with the temis and provisions of the Buikqpest 

10 Treaty relating to the deposit of mioooigardsms. The dqx>sit was made for a term of 
at least tiiiity years and at least :five years after Sie most recCTt request for the - 
fiimishing of a sample of tiie dq)osit is recdved by the ATCC. The dq)osited seeds 
were accorded Patmt Dq>osit Designation Numba: PTA-41 13. 

The present invention includes tiie ^eat plant having aPatent DqK>sit 

IS Designaticm Number PTA-41 13; a mutant, recombinant, or genetically oigineered 
doivative of the plant wifli Patent Dq>osit Designatira Number PTA-41 13; any 
progmy of the plant with Patent Dq)osit Designation Number PTA-4113; and aplant 
that is the progmyofahy of tfiese plants. In a prefisned embodiment, Uievdieat plant 
of the present mvention additionally has die hexbidde resistance characteristics of the 

20 plant with Patent DepodtDeagnationNmnber PTA-41 13. 

Also included in the present invention are hybrids of the Einkom IMI 
^eat cultivars desCTibedhmm and another wheat cultivar. The other wheat cultivar 
includes, but is not limited to, T. aestman L. cv Fidel and any wheat cultivar 
haiboring a mutant gme FS*l, FS-2, FS-3 or FS-4. and anoflior wheat cultivar 

IS includi^ but not limited to, T. aestivum L. cv Fidel, and more particularly, those 
Fidel-fcultivars harboring mutant genes FSl, FS2, FS3 or FS4. (See U.S. Patent No. 
6339,184 and U.S. Patent AppUcation No. 08/474,832). 

The tCTns ^'cultivaif' and 'Vari^/* lefo to a group of plants within a 
species definedby the sharing of a common set of characteristics or traits accq)tedby 

30 those skilled in tiie art as sufficient to distinguish one cultivar or variety fiom anotiier 
cultivar or variety. There is no inipUcation in dthertenntiiLatsdl plants of any given 
cultivar or variety wiU be genetically identical at eitiier the whole gene or molecular 
level.or that any given plant will be homoT^gqus at all loci. A cultivar or variety is 

II 
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considaed **true breeding" for a particular trait i^ when the true-breeding cultivar or 
variety is self-pollinated, all of the progeny contain ttie trait In tiie present invention, 
the trait arises fipom a mutation in an AHAS gme of tiie wheat plant or seed 

la addition to ^eat plants, flie present invention encompasses isolated 

5 IMI protdns and nucleic adds. The nucldc acids comprise a polynucleotide selected 
from tfie group consisting of a polynucleotide of SEQ ID N0:1; a polynucleotide 
comprising at least 60 consecutive nucleotides of SEQ ID N0:1; and a polynucleotide 
conq)Iementary to SEQ ID NO:l. Li a preferred CTibodiment, the IMI nucldc add 
comprises a polynucleotide sequience of SEQ ID N0:1. 

10 The temi ''AHAS protdn" refeis to an acetohydroxyadd synthase 

protein ami the-t^m ^%IIpn)tdn*'i!e&i8 to any AHAS protein that is mutated from a - 
wild type AB^ protein and that confers increased imidazolinone resistance to a 
plant, plant cell, plant part, plant seed or plant tissue whra it is ejqi^^ In 
a prefened eoibodimeot, flie IMI protdn comprises a polypqitide encoded by Ac 

IS polynucleotide of SEQ ID NO:L As also used hodn, the temis *^ucldc add** and 
"^lynncleotide** refer to RNA or DNA fliat is linear or brandied, sin^e or double 
stranded, or a hybrid Ifaereot The term also aic6mpassesRNA/DNA hybrids. Iliese 
terms also eQconq>ass untranslated sequence located at bofiitiie 3* and 5* aids of the 
codmg re^on of flie gene: at least about 1000 nucleotides of sequence i^stream from 

20 &e 5* end of the codiisg region and at least about 200 nucleotides of sequence 
downstream from the 3* end of the coding region of the gene. Less common bases, 
sudi as inosine, S-medi^cytosiae, 6-mc&;^bdeiune, hypoxanthine and ofliers can also 
be used for antisense^ dsRNA and ribozyme pairing. For exanq)le, polynucleotides 
tfiat contain 05 propyne analogues of uridine and cytidine have been shown to bind 

25 RNA witti hi^ afBnity and to be potent antisense inhibitors of gene e3q>ression. 
Other modifications, sudi as modification to the phosphodiester backbone, or tiie 2'- 
hydroxy in the ribose sugar group of the RNA can also, be made. The antisense 
polynucleotides and ribozymes can consist entirely of ribonucleotides, or can contain 
mixed ribonucleotides and deoxyribonucleotides. The polynucleotides of the 

30 invention may be produced by any means, including genomic prqjarations, cDNA 
preparations, in vitro synthesis, RT-PCR and in vitro or in vivo transc^ptionL 

An ^isolated" nucldc acid molecule is one that is substantially 
separated from other nucleic acid molecules, which are present in the natural source 
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of the nucleic acid O-e., sequences encoding othar polypeptides), Prefaably, an 
"isolated** nucldc add is firee of some of the sequences Aat naturally flank the 
nucldc add (i.e., sequences located at ttie 5* and 3* aids of the nucleic acid) in its 
naturaUy occurring replicon. For sample, a cloned nucleic acid is considered 
5 isolated. In various eoabodiments, the isolated IMIhucldc acid molecule can con^ 
less than about 5 Kb, 4 Mb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences 
^cfa naturally flank flie nucldc arid molecule in genomic DNA of the cell from 
which flie nucldc add is derived (e.g., a Triticum monococcum cell). A nucldc add 
is also oonddored isolated if it has been altered by human mtervention, or placed in a 

10 locus or location that is not its natural site, or if it is intioduced urto a cell by 
agroiiiftotion or biolistics; Moreover, an *isoI^^ nucldc add molecule, such as a 
gDNA molecule, can be free fixnn some of the oflier cellular material with ^ch it is 
naturally associated, or culture medium indioi produced by recombmant techniques, or 
chemical precursors or oflier chemicals ^en diemically syntiiesized. 

15 Spedfically excluded fiom the definition of 'Isolated nucldc adds** 

are: naturally^-occuxring cfarpmosomes (sudi as diromosome spreads), artificial 
chromosome libraries, genomic Ubraries, and cDNA libraries tiiat exist dflier as an ui 
vitro nucleic acid preparation or as a transfected/transformed host cell preparation, 
wherein the host cells are dther an m vUro h^erogmeous preparation or'plated as a 

20 heterogoieous population of smgie colonies. Also spedfically excluded are Oie 
d>ove libraries whddn a spedfied nucldc acid niakes 19 less tha^ 
of nucldc add mserts m flie vector molecules. Further spedfically excluded are 
whole cell genomic DNA or whole cell RNA preparations (including whole cett 
preparations that are mechanically sheared or en^matically digested). Ev«i furthCT 

25 specifically excluded are the ^ole cell pr^arations found as dflier an in vftro 
prqiaration or as a hetm>geneous mixture separated by electrophoresis wherein ttie 
nucleic add of the invration has not finflio- beoi separated firom the heteiolo^us 
nucldc adds in flie electrophoresis medium (e.g., fiulher sq)arating by excising a 
single band fix>m a heterog»eous band population in an agarose gel or nylon blot). 

30 A nucldc add molecule of the pres»t invention, e.g., a nucleic acid 

molecule containing a nucleotide sequaice of SEQ ID NO:l or a portion thereof can 
be isolated using standard molecular biology tedmiques and ttie sequence information 
provided herein. For example, a Z monococcum JMl cDNA can be isolated from a T. 
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monococcum library using all or a portion of the sequence of SEQ ID N0:1. 
Moreover, a nucleic acid molecule aicompassing all or a portion of SEQ ID N0:1 
can be isolated by flie polymoase chain reaction using ohgonucleotide prim^ 
designed based upon this sequence. For example, mRNA can be isolated fiom plant 
5 cells (e-g., by Hxc guanidinium-fhiocyanate extraction procedure of Oiirgwin et aL, 
1979 Biochemistry 18:5294-5299) and cDNA can be picpaixd using reverse 
transCTiptase (e.g., Moloney MLV revase transcriptase, available fiom Gibco/BRL, 
Bediesda, MD; or AMV rerase transaiptase, available fiom Seikagaku America, 
Inc., St Petosbutg, EL), Syntii^c oligonucleotide primers for polymerase chain 

10 reaction an^lification can be designed based upon flie nucleotide sequence shown in 
SEQ ID N0:1. A nucleic add moleculc of the invmtion can be amplified using 
cDNA or, alternatively, gmcraric DNA, as a tmiplate and qjpropriate oH 
piimCT according to standard PCR anq)lification technique The nucleic add 
molecule so an^lified can be cloned into an q>pn>priate vector and chat^ 

15 DNA sequCTce analysis. Furthermore, oli©>nucleotides correqwnding to an IMI 
nucleotide sequedce can be prepared by standard syn&etic tedmiques, e.g., using an 
automated DNA synthesizer. 

The IMInucldc acids of fliepresoit invention can conq>rise sequmces 
encoding an IMI protdn (Le., "coding r^ons'O, as well as 5' untranslated seauences 

20 and 3* untranslated sequences. Altematively, the nucldc add molecules of tiie 
preset invention can conq>rise only the codmg r^ons of an IMI g^ or can contain 
whole gmomic firagmeots isolated fiom gaiomic DNA- A codmg region of tiiese 
sequences is mdicated as an **ORF position". Moreover, the nucleic add molecule of 
the mvention can comprise a portion of a coding region of an IMI gene, for example, 

25 a fiagmeat that can be used as a probe or primer. The nucleotide sequences 
detomined from flie clonmg of fee IMI gmes fiom Z monococcum allow for the 
aeration of probes and primOT designed for use in idaiti^ing and/or cloning IMI 
homologs in ofliCT cell types and organisms, as well as IMI homologs fiom oflier 
wheat plants and related species. The portion of the codmg region can also encode a 

30 biological^ active fiagment of an IMI pioteirL 

As used herein, the terai *1>iologically active portion or an IMI 
protein is intended to include a portion, e.g., a domain/imotij^ of an IMI protein tiiat, 
when produced in a plant inareases the plant's resistance to an imidazoUnone 



14 



10 



"^oozmi^se Pcr/CA02/oio5o 



hofcicide as con^ared to a wild-type variety of the plant Methods for quantitating 
inCTeased resistance to imidazolinone heAicides are provided in tiie Examples below. 
Biologically active portions of an IMI protein mchide p€5)tides racoded by 
polynucleotide sequ^ces conq)rising SEQ ID N0:1 which mclude fewer amino acids 
than a fidl Iragth IMI protdn and mq>art maeased resistance to an imidazohnone 
habicide upon expression in a plant Typically, biolo^cally active portions (e.g., 
peptides which are, for example, 5, 10, 15, 20, 30, 35, 36, 37, 38, 39, 40, 50, 100 or 
more amino acids in lengdi) conq)rise a domain or motif with at least one activity of 
an IMI protem. MoreovCT, otho- biologically active portions in which other regions 
of flie polypeptide are delved, can be prepared by recombinant tedmiques and 
evaluated far one ox more of the activities desaibed hereia. Preferably, the 
biologically active portions of an IMI protem include one or more consesrved domains 
selected fiom the group consisting of a Domain A, a Ekraiain B, a Domain C, a 
Domain D and a Domain E, wherein flie conserved domain contains a mutation. 
15 The invention also provides IMI chimeric or fusion polypq)tide^. As 

used heran, an IMI **dmn«ic polypeptide"* or •^fusion polypq)tide'' comprises an IMI 
polypeptide opeiatively linked to a n<m-IMI polypq)tide. A "non-IMI polypqitide** 
refers to a polypeptide having an amino add sequence that is not substantially 
identical to an IMI polypq)tide, e.g., a polypeptide that is not an IMI isoenzyme, 
20 ^ch pqitide p^orms a diflEaait fimction than an IMI polypeptide. Within the 
fiision polypeptide, the tenn "operalively linked" is intended to mdicate fliat the IMI 
polypeptide and the non*IMI polypq)tide are fused to eadi oflier so that botih 
^sequences fiilfiU flie proposed fimction attributed to flie sequence used. The non-IMI 
polypq)tide can be fiised to flie N^etminus or C-tenninus of the IMI polypeptide. For 
25 exan^)le, in one embodunent, the fiision polypeptide is a GST-IMI fusion polypeptide 
in which the IMI sequence is fused to flie C-terminus of flie GST sequence. Such 
fiision polypq)tides can fecilitate the purification of recombmant IMI polypeptides. 
In anoflier raibodiment, flie fudon polypeptide is an IMI polypq>tide containing a 
heterologous signal sequence at its N-tetininus. hi certain host cells (e.g., mammalian 
30 host cdls), expression and/or scCTetion of an IMI polypeptide can be increased 
through use of a heterolo^us signal sequmce. 

An isolated nucldc acid molecule encoding an IMI polypeptide having 
sequence identity to a polypq)tide needed by a polynucleotide sequrace of SEQ ID 
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N0:1 can be created by introducing one or more nucleotide substitutions, additions or 
deletions into a nucleotide sequaice of SEQ ID NO:l sudi that one or more amino 
add substitutions, additions or del^ons are introduced into tiie encoded polypeptide. 
Mutations can be rutroduced into a sequence of SEQ ID NO:l by standard techniques, 
. 5 sudi as site^lirected mutagenesis and PCR-mediated mutagenesis. Preferably, 

. conser\^veanuno acid substitutioi)saieinade at one or more predicted non-^^ 
amino acid residues. 

A "consCTvative amino add substitution** is one in windti the amino 
add residue is rq>laced wiA an amino add residue having a similar side diain. 

10 Families of amino acid residues having similar side diains have bear defined in flie 
art These families include amino idds Vndi basic side chains (e.g., lysine, arg^nine, 
histidine), addic side chains (eg., aspartic add, glutamic add), nndiarged polar side 
ob^^ (eg., glydne, asparagme, glutamine, sam^ threonine, tyrosiae, cysteine), 
. noqpolar dde diains (eg., alanine, valine, l^idne, isoleudne, proline, phenylalanine^ 

15 m^iionine, tryptophan), beta-brandied side chains (e.g., flireonine, valine, 
isoleudne) and aromatic side chains (e.g., tyrosine, phmylalanine, tiyptophan, 
histidine). Thus, a predicted nonessential amino add residue in an IMI polypqptide is 
preferably rq>laced with anotfa^ amino acid residue fiom the same side chain £unily. 
Alternatively, in ano&er onbodiment, mutations can be introduced randomly along 

20 all or part of an IMI coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screoied for an IMI activity desoibed herein to identify 
niutants that retain IMI activity. Following mutagenesis of the sequence of SEQ ID 
NO: 1, tfie racoded polypeptide can be expressed recombinantly and ibe activity of the 
pol]^pq)tide can be determined by analyzing tfie imidazolinone resistance of a plant 

25 e3q)ressing flie polypq)tide as described in the Examples below. 

To detennine &e percent sequence identity of two amino add 
sequences, the sequences are aligned for optimal comparison purposes (e.g., g^ can 
be introduced in tiie sequence of one polypeptide for optimal alignment witih the other 
polypq)tide). The amino add reddues at corresponding amiiio acid positions are (bra 

30 compared. When a position in one sequence is occiq)ied by the same amitin acid 
residue as the conresponding position in tfie oiQier sequence^ then fbe molecules are 
idoiticai at that position. The same t^e of comparison can be made betwem two 
nucldc acid sequmces. The percent sequence identity betwem the two sequences is a 
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fimdion of the number of idoitical portions sliared by the sequences (i.e., pw^t 
sequence identity = numbeis of identical positions/total numbers of positions x 100). 
For the purposes of the invention, flie pscent sequo^ identity b^eai two nucleic 
add or polypeptide sequences is determined using the Vector Nil 6.0 (PQ software 
5 package (IhforMax, 7600 Wisconsin Ave., Bethesda, MD 20814). A gap opening 
pendty of IS and a g^ extension penalty of 6.66 are used for detennining tbe pendent 
idoitity of two nucleic acids. A gap op^iing penalty of 10 and a g3p extension 
penalty of 0.1 are used for determining the pa:cent ideality of two polypeptides. All 
other parameteis are set at flie de&ult settings. 

10 It is to be undeistood fliat for flie purposes of determining sequence 

idendty, when conq>aring a DNA sequence to an RNA sequence, n thymidine 
nucleotide is equivalent to a uracil nucleotide. Preferably, the isolated IMI 
polypq>tides included in &e pres»t inv^cm are at least about 50-60%, preferably at 
least about 60-70%, and more preferably at least about 70-75%, 75-80%, 80-85%, 85- 

15 90% or 90-95%, and most prefaably at least about 96%, 97%, 98%, 99% or more 
identical to an entire amino add sequence encoded by a nucldc add comprisng a 
polynucleotide sequence shown in SEQ ID N0:1. In anoflier embodiment, tibe 
isolated INfl polypq)tides included in the presoit invent 

preferably at least about 60-70%, and more preferably at least about 70-75%, 75-80%, 
20 80-85%, 85-90% or 90-95%, and most preferably at least about 96%, 97%, 98%, 99% 
or more identical to an entire amino add sequence encoded by a nucleic add 
comprising flie polypeptide shown in SEQ ID NO:l. . . 

AdditionaUy, optimize IMI imcleic adds can be created. PreftCTbly, 
an optimized IMI nucleic add encodes an IMI pplypqitide that modulates a plant's 
25 tolerance to imidazolinone heibicides, and more preferably increases a plant's 
toloance to an imidazolinone heibidde upon its ova^-«xpression in tiie plant As 
used herein, ''optimized" ref^ to a nucldc acid that is geneticaUy engineered to 
increase its expression in a given plant or animal To provide plant optimized IMI 
nucldc adds, ttie DNA sequence of the gene can be modified to 1) conq)rise codons 
30 preferred by hig^y expressed plant genes; 2) conq)rise an A+T content in nucleotide 
base composition to fliat substantiaUy found in plants; 3) ferm a plant initiation 
sequence^ 4) eliminate sequences that cause destabUization, impropriate 
polyaden]dation, degradation and termination of RNA, or that form secondary 
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Structure hairpins or RNA splice sites. Inoeased expression of IMI nucleic acids in 
plants can be acUeved by utilizing the distribution fiequency 
in gmeral or a particular plant Methods for optimizing nucleic acid expression in 
plants can be found in EPA 0359472; EPA 0385962; PCT AppUcation No. WO 
5 91/16432; U.S. Patent No. 5380,831; U.S. Patent No. 5,436^91; Periack et aL, 1991 
Proc, NatL Acad ScL USA 88:3324-3328; and Murray et aL, 1989 Nucleic Adds 
Res. 17:477-498. 

As used h«dn, '^frequency of prefored codon usage** refers to tiie 
preference exhibited by a specific host cell m usage of nucleotide codons to specify a 
giv«i amino add. To d^ennine flie fiequeocy of usage of a particular codon in a 
- gene, Ihe nnnibca?-of occuttences of fliat codon in fte^gaie is divided by the total 
number of occurrences of all codoiis specifying the same amino add in the gene. 
Similarly, the fiequen<^ of prefared codon usage exhibited by a host cell can be 
calculated by averagimg frequency of prefened codon usage in a large number of 
15 genes expressed by tiie host celL It is preferable that this analysis be limited to genes 
that are hi^y expressed by the host eel The percent deviation of the fiequaicy of 
loefecred codon usage for a synthetic gene fixmi Oat enq)loyed by a host cell is 
calculated first by detomining the percent deviati<Hi of tiie frequency of usage of a 
single codon from that of the host cell followed by obtaining the aywage deviation 
ovCT all codons. As defined hodn, fliis calculation includes unique codons (i.e., 
ATG andTGG). In g»aal terms, the ovraall average deviation of the codon usage 
of an optiniized geiie from that of a host ceU is calcuMed using the equation 1^ 
1 Z Xn - Yb Xn times 100 Z ^ere Xn = frequou^ of usag^ for codon n in the host 
Yn = firequmcy of usage for codon n in the synthetic gene, n represents an 
25 individual codon that specifies an ammo acid and the total number of codons is Z 
The overall deviation of the frequency of codon usage* A, for all amino acids should 
preferably be less than about 25%, and more preferably less fiian about 10%. 

Hence, an IMI nucldc add can be optimized such that its distribution 
frequmcy of codon usage deviates, preferably, no more than 25% from that of hi^y 
30 expressed plant genes and, more preferably, no more flian about 10%. hi addition, 
considOTtion is givm to the porooitage G4C contrat of ftie d^enerate third base 
(monoco^edons sppear to fevor G+C in fliis position, vdiereas dicotyledons do not). 
It is also recognized that Ae X(X5 (whens X is T, C, or G) nucleotide 
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piefened codon in dicots ^diereas tiie XTA codon is avoided in botb monocots and 
dicots. C^timized IMI nucleic acids of this invention also prefoably have CG and 
TA double avoidance indices closely approximating diose of the chosen host plant 
O-e*, Triticum monoccocum). More prefiaably these indices deviate from that of flie 
5 host byno more tiian about 10-15%. 

hi addition to the nucleic acid molecules encoding the IMI 
polypeptides, desciibed above, another aspect of the invooiion pertains to isolated 
nucldc acid molecules diat are antisense flieieto. Antis^ise polynucleotides are 
fliou^ to iiihibit gene e3q>ression of a targ^ polynucleotide by qpecifically binding 

10 file target polynucleotide and interfoing wifli transcrq)tion, splicing, transport, 
- tianslatioii and/or stability of file targ^ polynucleotide. Methods are described in the^ 
prior art for targeting the antisoise polynucleotide to flie duomosomal DNA, to a 
primaiy RNA transect or to a processed mKNA^ Preferably, the target regions 
include splice sites, translation initiation codoiis, translation termination codons, and 

15 oflio'sequeDces within the open reading fiame. 

The term ''antisense*', for tibe purposes of tibe invention, refers to a 
nucldc add oonq>iising a polynucleotide fliat is sufSdently conqilemeiitaiy to all or a 
portion of a gpne, primaiy transcrqyt or processed mRNA, so as to interfee with 
expression of flie endogenous gene, t^omplementaty^ polynucleotides are those fliat 

20 are equable of base pairing accordiiig to flie standard Watson-Crick complementarity 
rules. Spedficsdly, purines wiU base pair wiflipyrinudines to form a combing 
guanine paired wifli cytosine (G:C) and adenine paired wifli dther fliymine (A:T) in 
flie case of DNA, or adenine paired wifli uracil (A:U) in flie case of RNA. It is 
understood that two polynucleotides may hybridize to each other even if they are not 

25 cQnq)l^tdy complementary to each oflier, provided fliat eadi has at least one r^on 
that is^stantially conq)lCTieQtaiy to flie oflio:. Hie tenn "antisrase nucleic add" 
includes singjie stranded RNA as well as double-stranded DNA ejqpression cassettes 
fliat can be transcribed to produce an antisease RNA. "Active** antisense nucleic 
adds are antisoise RNA molecules fliat are arable of selectively hybridizmg with a 

30 primary transcript or inRNA encoding a poiyp^tide having at least 80% sequence 
idaitity wifli flie polypeptide encoded by a nucldc add comprising a polynucleotide 
sequence of SEQ ID NO:L 



19 



WOC3/014356 



PCT/CA02/01050 



In addition to the IMI nucleic adds and polypq)tides desaibed above, 
flie piescDt invmtion eaicon^asses fliese nucleic acids and polypqjtides attached to a 
moiety. These moieties include, but are not limited to, detection moieties, 
hybridization moieties, purification moieties, delivoy moieties, reaction moieties, 
5 binding moieties, and die like. A typical groiq) of nucleic adds having moires 
attached are probes and primers. Probes and primors typically comprise a 
substantially isolated oligonucleotide. The oligonucleotide typically comprises a 
r^on of nucleotide sequoKje tiiat hybridizes undff stringent conditions to at least 
about 12, prefCTably about 25, more preferably about 40, 50 or 75 consecutive 

10 nucleotides of a sense strand of the sequoice s^ forth in SEQ ID N0:1, an anti-sense 
sequence of ffie sequence set forth miSEQ ID NO:l, or naturally occuirii^ mutants 
Iheieol Primeis based on a nucleotide sequence of SEQ ID NO:l can be used in 
PGR reactions to clone IMI homologs. Probes based on the IMI nucleotide sequ^ces 
can be used to ddect transmpts or genomic sequences mcoding the same or 

15 homologpus polypeptides. M preferred onbodimaits, the probe fiirflier conqiris^ 
label groq> attached thereto, e.g. the label grot?) can be a radioisotope, a fluorescent 
compound, an enzyme^ or an enzyme co-fictor. Such probes can be used as apart of 
a genomic matka- test Idt for idcotif/bg cells whidi 

as by measuring a level of an IMI-cncoding nucldc add, m a sample of cells, e.g.. 

20 detecting IMI mKNA levels or detemiming whether a genomic IMI gene has been 
mutated or deleted. 

The invention fer&er provides an isolated recombinant expression 
vector conq>rising an IMI nucldc acid as desaibed above, wherem eaqiression of the 
vector in a host cell results in increased resistance to an imidazolinone hetbicide as 

25 con[q>ared to a wild ^e variety of flie host cell As used herem, tibe tenn * Vector^ 
refos to a nucldc acid molecule capable of transporting anoth^ nucleic acid to 
it has been linked. One type of vector is a "jplasmid", refcra to a circular 
double stranded DNA. loop mto whidi additional DNA segments can be ligated. 
Anoth^ type of vector is a viral vector, wherdn additional DNA segments can be 

30 li^ed into ttie viral gmome. Certain vectors are equable of autonomous replication 
in a host cdl into ^ch they are introduced (e,g., bacterial vectors having a bacterial 
origin of r^Ucation and ^isomal mammalian vectors). Otfa^ vectors (e.g., non- 
episomal ma mm al i an vectors) are integrated into the gmome of a host cell iqwn 
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introduction into the host cell, and tiiap*y are rq)iicated along with the host graome. 
Moreover, certain vectors are capablQ of directing the ejqpiession of graies to which 
ttiey arc operatively Unked Such vectors are refCTted to hwein as "expression 
vectoxs**. In general, expression vectors of utility in recombinant DNA tedmiqnes arc 

5 often in ^ form of plasmids. hi the pres«it specification, ^^lasmif and *Vector^ 
can be used interchangeably as the plasmid is die most commonly used fomi of 
vector. However, the invention is intoided to include such otbsx forms of ejq)ression 
vectotSy such as viral vectors (e.g., rqpUcation defective retroviruses, adenoviruses 
and adeoo-assodated viruses), which serve equivalent Amotions. 

10 The recombinant expression vectors of the invration comprise a 

nucleic add of the mvention in albnn suitable for e3q>ression of thenucldc acid in a 
host cell, wbidti means that ttie recombinant expression vectors include one or more 
regulatory sequmces, selected on ttie basis of fiie host cells to be used for expression, 
wfaidi is operably linked to the nuddc add sequence to be expressed, ^fliin a 

IS recombinant expression vector, **operably linked*' is mtended to mean that tiie 
nucleotide sequence of interest is linked to die r^;nlatory sequmce(s) in a manner 
whidi allows for expression of die nucleotide sequence (e.g., in an in vitro 
transcrqiticni/ translation system or in a host cell when fiie vector is introduced into 
file host cell). The term ''regulatory sequence** is intended to niclude promoters, 

20 enhancers and other expression control rfements (e.g., pnlyadenylfltinn gi gnnlg) Such. 
re%;ulatory sequCTces are desmbed, for exanq>le, m Goeddel, Gene Expression 
Technology: Methods m Enzymology 185, Academic Press, San Diego, CA (1990) 
br see: Gruber and Crosby, ia: Methods in Plant Molecular Biology and 
Biotechnology, eds. GUdc and Thompson, ChaptCT 7, 89-108, CRC Press: Boca 

25 Raton, Florida, including the references diereiiL Regulatory sequences include those 
fliat direct constitutive expression of a nucleotide sequence in many types of host cells 
and those tiiat direct e^qiression of &e nucleotide sequence only in certain host cells, 
or under certain conditions. It vnil be i^redated by tiiose skilled m tiie art that the 
dedgn of tiie esqpresdon vector can dqiend on sudi fectors as the dioice of the host 

30 cell to be transformed, the level of expression of polypqptide desired, etc. The 
expression vectors of the invention can be uitroduced into host cells to thereby 
produce poiypq)tides or pq)tides, including fiision polypqitides or pq)tides, encoded 
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by nucleic acids as descnbed herein (e.g., IMI polypq)tides, fusion pol>peptides, 
etc.). 

In a prefecred embodim^ of flie present invention, the IMI 
polypq>tides are expressed in plants and plants cells such as unicellular plant cells 
5 (sudi as algae) (see Falciatore et al,, 1999 Marine Biotechnology 1(3).239-251 and 
references tfaerein) and plant cells from higjiiCT plants (e.g., the spennatophytes, such 
as CTop plants). An IMI polynucleotide may be "introduced" into a plant cell by any 
means, including transfection, transformation or transduction, electroporation, 
particle bombardment, agioinfection, biolistics and tibe like. 
0 Suitable mefiiods for transforming or transfecting host cells including 

plant cells can be fouid.in Sambrooli^ ^ al. (Molecular Qoning: ' A Laboratory 
ManuaL 2"^, ed.. Cold Spring Haibor Laboratory, Cold Spring Haibor Laboratory 
Press, Cold Spring Harixxr^ NJf, 1989) and olfaer laboratory manuals such as Methods 
in Molecular Biology, 1995, VoL 44, Agrobacterium protocols, ed: Gartland and 
5 Davey, Humana Press, Totowa, New Jersey. As increased resistance to 
imidazolinone hednddes is a general trait wished to be inhetited into a wide variety 
of plants like maize, wheat, rye, oat, triticale, rice, barley, soybean, peanut, cotton, 
rapeseed and canola, manihot, pq>per, sunflower and tag^es, solanaceous plants like 
potato, tobacco, eg^lant, and tomato, Vida spedes, pea, alfidfe, bushy plants 
20 (coffee, cacao, tea), Salix spedes, trees (oil palm, coconut), perennial grasses and 
forage crops, these crop plants are also prefetied target plants for a genetic 
engmeedng as one further embodiment of the presmt invmtion. In a prefecred 
. embodiment, the plant is a ^eat plant Forage crops include, but are not limited to, 
Wheatgrass^ Canaiygrass, Brom^rass, Wildrye Grass, Bluegrass, Qrchardgrass, 
25 AlfeIfe,Salfom,Birdsfoot Trefoil, AkikeaovCT, Red ClovCT and Sweet 

In one embodimmt of the present invention, transfection oif an IMI 
polynucleotide into a plant is achieved by Agrobacterium mediated gene transfer. 
One transformation m^od known to those of skill in the art is the dipping of a 
flowering plant into an Agrobacteria solution, wherein the Agrobactma contains the 
30 IMI micldc acid, followed by breeding of the transformed gametes. Agrobacterium 
mediated plant transformation can be performed using for example die 
GV3101(pMP90) (Koncz and Schell, 1986 MoL Gen. Genet 204:383-396) or 
LBA4404 (Clontech) Agrobacterium tumefadens straiit Transformation can be 
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perfonned by standard transfonnation and regmKation techniques (Deblaa:e et a/., 
1994 Nucl. Acids, Res. 13:4777-4788; Gelvin, Stanton B. and Schilperooit, Rob^t A, 
Plant Molecular Biology Manual, 2"*^ EA - Dordredil : Kluwer Acadonic PubL, 
1995. - in Sect, Ringbuc Zenlrale Signatun BTll-P ISBN 0-7923-2731-4; Glick, 
5 BCTiard R. and Thompson, John E., Me^ods in Plant Molecular Biology and 
Biotechnology, Boca Raton : GRC Press, 1993 360 S., ISBN 0-8493-5164-2). For 
exan^le, rapeseed can be transformed via cotyiedoh or hypocotyl transformation 
(Moloney et al,, 1989 Plant ceD Rqwrt 8:238-242; De Blodc ei al., 1989 Plant 
Physiol. 91:694-701). Use of antibiotica for Agrobactoium and plant selection 
10 d^ends on the binary vector and the Agrobact^um strain used for transformation. 
" - R^>eseed selection is normally performed using kanamydn as selectable plant 
maiker. Agrobactmum mediated gene transfer to flax can be performed using, for 
exau^le, a technique described by Mlynarova et al., 1994 Plant Cell Report 13:282- 
285. Additionally, transformation of soybean can be performed using for example a 
15 tedmique dcsacibed in Eurq)ean Patent No. 0424 047, U.S. Patmt No. 5^22,783, 
European Patent No. 0397 687, U.S. Patent No, 5376,543 or U.S. Patent No. 
5,169,770. Transfoimation of maize can be achieved by particle bombardment, 
polyetiiylene glycol mediated DNA uptake or via the silicon carbide fiber technique. 
(See, for exan^le, Freding and Walbpt *The maize handbook^ Springer Veriag: New 
20 York (1993) ISBN 3-540-97826-7). A specific example of maize transformation is 
found in U.S. Patent No. 5,990,387 and a specific example of wheat transfonnation 
can be found in PCt Application No. WO 93/07256. 

According to die present invention, the introduced IMI polynucleotide 
may. be maintained in ttie plant cell stably if it is incorporated into a non- 
25 duDmosomal autonomous replicon or integrated into flie plant chromosomes. 
Altmiatively, the introduced IMI polynucleotide may be present on an extra- 
chromosomal non-rq>Iicating vector and be transioitly expressed or transiratly active. 
In one embodimeat, a homologous recombinant microorganism can be created 
wfaeran the IMI polynucleotide is integrated into a chromosome, a vector is prq>ar6d 
30 which contains at least a portion of an AHAS gene into which a deletion, addition or 
substitution has be«i introduced to hereby altar, e.g., functionally disnq)t, the 
radogenous AHAS gene and to create an IMI gene. To create a point mutation via 
homologous recombination, DNA-RNA hybrids can be used in a technique known as 
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chimeraplasty (Cole-Strauss et al, 1999 Nucleic Acids Research 27(5):1323-1330 
and Kmiec, 1999 Gene therapy American Scientist 87(3):240-247). Other 
homologous recombination procedures in Triticum species are also well known in the 
art and are contemplated for use herein. 

5 In the homologous recombination vector, the MI gene can be flanked 

at its S' and 3' ends by an additional nucleic acid molecule of the AHAS gene to 
allow for homologous recombination to occur between the exogenous IMI gene 
carried by the vector and an endogenous AHAS gene, in a microorganism or plant. 
The additional flanking AHAS nucleic acid molecule is of sufficient length for 

10 successfid homologous recombination with the endogenoxis gene. Typically, sev^al 
hundreds of base pairs up to kilobases of flanking DNA (both at the 5* and 3' ends) 
are included in the vector (see e.g., Thomas, K. R., and Capecchi, M. R., 1987 Cell 
51:503 for a description of homologous recombination vectors or Strepp et aL, 1998 
PNAS, 95(8):4368-4373 for cDNA based recombination in Physcomitrella patens). 

1 5 However, smce the IMI gene normally differs from the AHAS gene at very fe?v amino 
acids, a flanking sequence is not always necessary. The homologous recombination 
vector is introduced into a microorganism or plant cell (e.g., via polyethylene glycol 
mediated DNA), and cells m which the introduced IMI gene has homologously 
recombined with the endogenous AHAS gene are selected using art-known 

20 techniques. 

In another embodiment, recombinant microorganisms can be produced 
that contain selected systems that allow for regulated expression of the introduced 
gene. For example, inclusion of an IMI gene on a vector placing it under control of 
the lac operon permits expression of the IMI gene only in the presence of IPTG. Such 
25 regulatory systems are well known in the art. 

Whether present in an extra-chromosomal non-replicating vector or a 
vector that is integrated into a chromosome, the IMI polynucleotide preferably resides 
in a plant expression cassette. A plant expression cassette preferably contains 
regulatory sequences capable of driving gene expression in plant cells that are 
30 operably linked so that each sequence can fiilfiU its function, for example, termination 
of transcription by polyadenylation signals. Preferred polyadenylation signals are 
those originating from Agrobacterium tumefaciens t-DNA such as the gene 3 known 
as octopine synthase of the Ti-plasmid pTiACHS (Gielen et al., 1984 EMBO J. 
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3:835) or functional equivalents fliereot but also all other tenninatois functionally 
active in plants are suitable. As plant gene expression is veiy often not limited on 
transcriptional levels, a plant expression cassette preferably contains other opeiably 
linked sequences like translational enhancers such as the ovadiive-sequence 
5 containing flieS'Hmtranslated leader sequence fiom tobacco mosaic virus enhancing 
the polypeptide per RNA ratio (GaUie et al., 1987 NucL Acids Resean* 15:8693- 
871 1). Examples of plant ejqnession vectors include those d^ed in: Becker, D. et 
al., 1992 New plant binary vectors with selectable markers located proximal to the 
left border. Plant Mol. BioL 20:1195-1197; Bevan, M.W., 1984 Binary 

10 Agrobacterium vectors for plant transfonnation. NucL Acid Res. 12:8711-8721; and 
- Vectors for Gene Tmiski in Higher Plants; in: transgojic Plants,-^ Vol 1, 
Engmeering and Utili2ation, eds.: JCnng and R. Wu, Academic Press, 1993, S. 15-38. 

Plant gme expression should be operably linked to an appropnate 
promoter coa£aiing gene expression in a timely, cell or tissue specific manner. 

15 Promoters usefiil in Oe expression cassettes of the invention include any promoter 
fl»at is capable of initiating transcription in a plant cell Such promoters include, but 

are not limhed to fliose fliat can be obtained fiom plants, plant virases and bacteim 
fliat contain gcoes that are oqiressed in plants, such as Agrvbacterium and 
Shizobban. 

^ promoter may be constitutive, inducible, develc^mental stag&- 

prefiared, ceU type-preferred, tissu&inefeiied or organ-preferred. Constitutive 
promoters are active under most conditions. Examples of constitutive promoters 
include &e CaMV 19S and 35S promoters (Odell et al. 1985 Nature 313:810-812), 
the sX GaMV 35S promoter (Kay et aL 1987 Science 236:1299-1302) the Sepl 

25 promoter, the rice actin promoter (McEhoy et al. 1990 Plant CeU 2:163-171), flie 
Arabidopsis actin plromoter, the ubiquitan promioter (Christensen et aL 1989 Plant 
Molec. BioL 18:675-689); pEmu (Last et aL 1991 Theor. AppL Genet 81:581-588), 
the figwort mosaic virus 35S promoter, flie Smas promoter (Velten et aL 1984 EMBO 
J. 3:2723-2730), the GRPl-8 promoter, the dnnamyl alcohol dehydrogenase 

30 promoter ({JS. Patent No. 5.683.439), promoters fiom the T-DNA of Agrobacterium, 
such as mannopine synthase^ nopaline synthase, and octopine synthase, the small 
subunit of ribulose biphosphate carboxylase (ssuKUBBCO) promoter, and the like. 
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lodudble promotos are active undo* certain enviionmaital conditions, 
such as flie presence or absence of a mrtrimt or metabolite, heat or cold, li^t, 
pafliogn attack, anaerobic conditions, and the like. For example, flie hsp80 promoter 
fiwn Brassica is induced by heat shodc, the PPDK promoter is mduced by li^t, the 
PR-1 promoter fiom tobacco, Arabidopsis and maize are indudble by mfertion witii a 
pafliogBn, and flie Adhl promoter is induced by hypoxia and cold stress. Plant gene 
expi^on can also be &dlitated via an indudble promoter (for review see Gatz, 
1997 Annu. Rev. Plant l^ysioL Plant MoL Biol. 48:89-108). Chemically inducible 
imunoters are espedalty suitable if time-specific geaae ejqaession is desired. 
Exan^les of such promotexs aat a salic^c add tndunble promoter (PCX V^Ucation 
No. WO 9S/19443), a ^racycline mdudble^ promoter (Gatz et aL, 1992 Plant J. 
2397-404) and an ^umol indudble promoter (fCt i^lication No. WO 93/21334). 

Devdopmental stiigfrpr^aied pnnnotecs arc pttifereolialfy e:qiressed 
at certain sta^ of deydopment Ussue and organ prefened promotes iodiide those 
15 that are prefereatialljr oqnessed in certain tissues or organs, sudi as leaves, roots, 
seeds, or ^qdem. Bxan^les of tissue iH»fened and organ piefiaxed promoters include, 
but are not limited to fiuitinefeired, ovulo^Hefened, male tissue^prefared, seed- 
preferred, int^iument-pr^rted, tuber-firefeaed, stalk-iseferred, pedcarp-prefened, 
and leaf-prefened, stigmainefened, poUeoiireferced, antiter-pteferred^ a petal- 
20 prefiaied, sepal-ptefened, pedicd-piefiaied, siUque-piefened. stem^tefeaed, loot- 
pr^ned promoters and the like. Seed i»e&ned promoters are preferentially 
expressed during seed development and/or gennination. For exanq>Ie, seed loefatred 
prcnnoters can be embiyoinefored, oido^enn prepared and seed coat-^fened. 
See Thompson et aL, 1989 BioEssays 10:108. Examples of seed prefened promoters 
25 mclude, but are not limited to cdlulose synthase (cdA), Ciml, ganuna-zdn, globulm- 
1, maize 19 kD zdn (cZ19Bl) and tiie like. 

Oflier suitable tissu&prBfened or otganindfeired {nomotors inchide 
die n^-gene promoter fi«m lapeseed (U.S. Patent No. 5,608,152), the USP- 
prranoter fiom Viciafdba (Baeumldn et al., 1991 Mol Gta Geort. 225(3):459-67), 
30 die oleosin^romoter from Arabidopsis (PCT Application No. WO 98/45461), tiie 
phaseolm^romoter fiom Phaseohis vulgaris (U.S. Patait No. 5,504^0), the Bce4- 
promoter fiom Brassica (PCT AppUcation No. WO 91/13980) or ttie iegumin B4 
promote: (LeB4; Baeumldn et aL, 1992 Plant Journal, 2(2):233-9) as wdl as 
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promotos confaiing seed specific expression in monocot plants like maize, bariey, 
wheat, rye, rice, Suitable promoters to note are the lpt2 or ^tl-gaie promoter 
.from barley (PCT Application No. WO 95/15389 and PCT AppUcation No. WO 
95/23230) or those desCTibed in PCT AppUcation No. WO 99/16890 (promoters from 
5 flie bariey hordein-geaie, rice gjutelin graie, rice oryzin gaie, rice piolamin gaie, 
wheat gliadin gme, wheat glutelin geae^ oat glutelin gwe, Sorgjium kasirin-goie and 
lye secalin gene). 

Oflio' promoters useful in the expression cass^tes of the invention 
inctadfi, but are not limited to, the m^or chloroph)11 a^ binding protdn promoter, 

10 histone promotes, flieAp3 promoter, the -conglycin promoter, the nq)in promoter, 
flie soy bean lectin promoter, the maize 15U) zein promoter, fiie 22kD zdn promoter, 
flie 271cD zrin promoter, flie g-zein promoter, tiiie waxy, shrunken 1, shrunken 2 and 
bronze promoters, the Zml3 promote (U,S. Patmt No. 5,086,169), flie maize 
polygalacturonase promoters ^G) (a.S. Pateait Nos. 5,412,085 and 5,545,546) and 

15 flie SGB6 promoter (U.S, Patrat No. 5,470359), as well as synthetic or oflier natural 
promptms. 

Additional flexibility in controlling hetoologous gene expression in 
plants may be obtained by using DNA binding doniains and response eleme^ 
heterologous sources ^.e., DNA binding domains fiom non-plant sources). An 
0xanq>le of such a hetmlogous DNA blading domain is flie LexA DNA bindiog 
domain (Brrait and Ptashne, 1985 Cell 43:729-736). 

Anoflio: Bspcd of the invention pertains to host cells into ^^ch a 
recombinant expression vector of flie invation has bem introduced. The teems "host 
cell" and "recombinant host cell" are used inten:liangeably hetdn. II is understood 
25 that such tenns refer not only to the particular subject ceU but fliey also apply to the 
progeny or potential progoiy of sudi a celL Because certam modifications may occur 
in succeeding generations due to dth^ mutation or environmental influences, such 
progwy may not, in feet, be identical to flie parmt cell, but are still mcluded withm 
flie scope ofthetmn as used herdn. Ahostcellcanbeanyprokaiyoticoreukaryotic 
30 cell For exan^>le, an IMI polynucleotide can be eaqpressed m bactoial celk 

C giutamicum, insect cells, fungal cells or msanmMun cells (such as C3unese hamst^ 
ovary cdls (CHO) or COS cells), algae, dilates, plant cells, fimgi or oflio- 
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microoigamsms like C gbaamiaim. CWher suitable host cells are known to those 
skiUedinttieait 

A host cdl of file inveolioD, sudi as a piokaryotic or oikaryotic host 
ceU in culture, can be used to produce Ci e., eaqjress) an IMI polynucleotide. 
5 Accoidingjy, the invention further provides methods for pioducing IMI p^ 

using the host cells of die invention. Li one embodiment, flie method conqirises 
cultmmg the host ceU of mveotion 0nto which a recombinant expression vector 
encodmg an IMI polypq>tide has been hdcodnced, or mto wbich genome has been 
mtroduced a gene encoding a wild-4ype or IMI polypeptide) m a suitable medium 
until IMI po^fpq>tide is produced. In anofiia embodhneot, ttie method finther 
comprises isolatmg IMI polypeptides fiom fiie medium or flie host cdL Ano&er 
a^iect of die invenlicm pertams to isolated IMI polypq)tides, and biologically active 
portions thereof An "isobted" or >irified" polypeptide or biologicaUy active 
portion fiieieof is fiee of some of flie ceUular material «^ produced by reoombmant 
DNA tedmiques, or chemical precursors or other diemicals ^idien diemically 
synfliesized. The langna^ "substantially fiee of cellular materiaT uicludes 
pi:qpara(i<»s of IMI polypq>tide m \<^ch die polypc^de is separated fiom scmie 
die ceUular components of die cells m which it is nataially or lecombmanfly 
produced. Li one embodiment, die language *%ubstantialfy fiee of cellularmataial" 
20 mcludes inepaiations of an IMI polypq>tide having less dian about 30% (by dry 
weight) of non-IMI matoial (also referred to herdn as a "contaminating 
polypq)tide*0, m<TO preferably less dian about 20% of non-IMI material, still more 
prcfiaably less tiian about 10% of non-IMI material, and most preferably less than 
about 5% non-IMI material 

When die IMI polypq>tide, or biologically active portion tiiereot is 
recombinanfly produced, it is also preferably substantially fiee of culture medium, 
i.e., culture medium rqpresents less dum about 20%, more preferably less dian about 
10%, and most preferably less dian about 5% of die vohnne of the polypeptide 
preparation. The language "substantially fiee of chonical precursors or odia 
dianicals" includes prq)arations of IMI polypqrtide m ^ch die polypqitide is 
sqjarated fiom chemical precursors or otha: diemicals diat are mvolved in the 
syndiesis of die polypqitide. In one embodunent, die language "substantially fiee of 
diranical precursors or odier dionicals" includes prqiarations of an IMI polypqitide 
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having less than about 30% (by dry wdght) of chemical precursors or non-IMI 
diemicals, more prefoably less than about 20% chemical precursors or non-IMI 
chemicals, still more jwefcxably less flian about 10% chemical precursors or non-IMI 
diCTiicals, and m6st preferably less flian about 5% cheanical precursors or non-IMI 
5 chanicals. In prefored embodimaits, isolated polypq)tides, or biologically active 
poTtiOTs fliereof; lack contaminating polypq>tides fiom flic same organian fiom 
^di the IMI polypeptide is doived. TypicaUy, sudi polypeptides are produced by 
recombinant expression for exanqile, a Tritiam mbnococcum IMI polypq)tide in 
plants other than Triticum monococcwn or microorganisms such as C glukmicum, 
10 ciliates, algae or fimgi. 

" The IMI polynucleotide and polypq>tEde sequ^ces of the nivaition 
have a variety of uses. The nucleic acid and amino acid sequences of the presait 
invCTtion can be used to transform plants, fli€a:eby modulating the plant * s resistance to 
imidazolinone hcrbiddes. Accordin^y, the mvention provides a m^od of 
15 producing a transgenic plant having increased tolerance to an imidazolinone herbicide 
conq)risin& (a) transforming a plant cell wifli (me or more expression vectors 
conq>rising one oc more IMI nucleic adds, and (b) generating fiom flie plant cdl a 
transgenic plant with an increased resistance to an hnidazolinone herbidde as 
conq>aredto awildtype vari^of theplant In one canbodhncaat, the multiple IMI 
nucleic adds are derived fiom difiraait genomes. Also included in flie present 
invention are methods of producing a transgenic plant having mcreased tolerance to 
an imidazolinone herbicide comprising, (a) transforming a plant cell with an 
e3q)ression vector conq)rising an IMI nucldc add, wheiem tfie nucldc add is a non- 
hnil nucldc acid and (b) generating fiom the plant cell a transgenic plant witti an 
25 mcreased resistance to an unidazolmone herbicide as compared to a wild type variety 
of the plant 

The present invention mcludes metlKxls of modifying a planfs 
tolwance to ah imidazolinone habidde coir5)rising modifying flie eaqjression of one 
or more IMI nucleic acids. Preforably, ttie nucldc adds are located on or derived 
30 from different genomes. The plant's resistance to the imidazolinone herbicide can be 
inca:eased or deceased as achieved by increasing or decreasing the expression of an 
IMI polynucleotide, respectively. Preferably, the plant's resistance to the 
imidazolinone herbidde is increased by increasing expression of an IMI 
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polynucleotide. Expression of an IMI polynucleotide can be modified by any method 
known to those of skill in the art The methods of increasing expression of IMI 
polynucleotides can be used wherein the plant is either transgenic or not tiansgeaiic. 
In cases when the plant is transgenic, the plant can be transformed with a vector 
5 contaming any of the above described IMI coding nucleic adds, or the plant can be 
transformed witti a promoter that directs expression of endogenous IMI 
polyimcleotides in the plant, for example. The invention provides that such a 
promoter can be tissue q)ecific or developmentally r^iulated. Alternatively, non- 
transgenic plants can have endogenous IMI polynucleotide expression modified by 
10 inducing a native promoter. The expression of polynucleotides comprising SEQ ID 
NO:l in target plai^ can -be accomplisheA by, but is not limited to, one of the 
foUowing examples: (a) constitutive promoter, (b) chemical-induced promoter, and 
(c) eogineeied promoter ova-eaqiression wiflj for racan^le zinc-finger doived 
transoqrtion fictors (Grasman and Pabo, 1997 Science 275:657). 

prefcned anbodiment, transcrqition of the IMI polynucleotide is 
modulated uang zinc-finger doived tnmscrq>tioa foctcns (ZEPs) as described m 
. Greisman and Pabo. 1997 Sdeooe 275:657 and manufiu;tured by Sangamo 
Biosciences, Inc. These ZFPs comprise bofli a DNA lecognitidn domain and a 
fimctional dcnnain diat causes activation ot repression of a target nucleic add sudi as 
an IMI nucldc add. Therefore, activating and repressing ZEPs can be created that 
specificaUy recognize the IMI polynucleotide promoters described above and used to 

increase or decrease IMI polynucleotide egression in a plant. theid)y modulating the 
. hesbidde resistance of file plant 

As desaibed in rnxxe detail above, die plants produced by the methods 

25 of the present invention can be mionocots or dicots. The plants can be selected fiwn 

maize, wheat, rye, oat, triticale, rice, bariey, soybean, peanut, cotton, rapeseed, 

canoh, manihot, pq»per, sunflower, tagetes, sohmaceous plants, potato, tobacco, 

eggplant, tomato, Vida spedes, pea, alfelfe, coflEee, cacao, tea, Salix spedes, oil 

pahn, coconut, perennial grass and forage crops, for example. In a preferred 

30 embodiment, the plant is a wheat plant Forage crops inctode, but are not limited to, 

Wheatgrass, Canarygrass, Bromegrass, WUdrye Grass. Bluegcass, Orchardgrass, 

Alfelfe, Salfoin, Birdsfoot Trefoil, Alsike Clover, Red Qover and Sweet Qover. In a 

pre&ned onbodiment, the plant is a wheat plant In eadi of the mefljods desraibed 
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sOwve, the plant ceO iiKsludes, but is not limited to, a protoplast, ga^ 
cell, and a ceU tiiat ^generates into a whole plant As used herwn, the torn 
•temsgenic" nsfeis to any plant, plant cell, callus, plant tissue or plant part, that 
contains all or part of at least one recombinant polynucleotide. In many cases, all or 
5 part of the recombmant polynucleotide is stably integrated into a dnomosome or 
stable extra-chromosomal element, so that it is passed on to successive geneiations. 

As desoibed above, the present invoition teaches compositions and 
methods for increasing the imidazoUnone resistance of a wheat plant or seed as 
conq)ared to a wttd-type variety of the plant or seed. In a preferred embodiment, the 

10 inudazolinone resistance of a 's»*eat plant or seed is increased such that the plant or 
seed -can- wiflistamt- an fanidazoKnone herbicide ^Ucation- of preferably 
approxhnatdy 10-400 g ai ha"*, more preferably 20-160 g ai ha-*, and most preferably 
40-80 g ai ha-'. As used herem, to 'Hvithstand" an imidazolinone herbicide 
application means that bephmt is either not kiJled or not injured by such appUcation. 

AdditiiMially provided beam is a meOiod of controlling weeds withm 
fl» vicinity of a wheat phmt, comprising applying an imidazolmone heibicide to the 
weeds and to the wheat plant, ^itoin the y*eat phnt has increase 
imidazolinone heri>idde as compared to a wild type variety of tte wheat plant, and 
wherein the plant comprises one or more IMI nucleic adds, hi one embodimeot, Oe 

20 plant comprises multq»le IMI nucleic adds located on or derived fiom different 
gnomes, hi anofliCT embodunent, the plant comprises a non-inil nucldc add. By 
providing for wheat plants havmg increased resistance to imidazolinone^ a wide 
variety of formulations can be employed for protecting wheat phmts from weeds, so 
as to enhance phmt growth and reduce CQnq>etitioii for nutrients. An unidazohnone 

25 herbidde can be used by itself for pr^emergence, post-emergence, pre-planting and 
at-pUmting control of weeds m areas surrounding the wheat phmts described herein or 
an nnidazolmone herbidde formulation can be used that contains ofliar additives. 
The imidazolmone herbidde can also be used as a seed treatmaiL Additives found in 
an imidazolinone herbidde formuhition include oflier herbicides, detergents. 

30 adjuvants, spreading agents, sticking agents, stabilizing agents, or the like. The 

inudazolinone herbidde formuhition can be a wet or dry preparation and can uiclude, 
but is not limited to. flowable powders, emulsifiable concentrates and Uquid 
concentrates. The imidazoUnone herbidde and herbidde formuhtions can be appBed 
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in acooidance with amvcntional mefliods, for example, by spraying, inigation, 
dusting, or the like. 

Thiougjiout Has application, various publications are referaiced. The 
disclosures of aU of these publications and those references cited wifliin fliose 
5 pubficatioiis m their entireties are hereby incorporated by refoeace into this 

WUcatioii in order to inore fiilly desoibe die state of fee art to whidi this invention 
potains. 

It should also be understood that die foregoing relates to preferred 
enibodtmenis of die present invention and tiiat numaous changes may be made 
theran wifliout departing from fte scope of tire invoition. The invention is fiirflier 
. JIlastastBd 4>y^ following examples, whidi are not to be construed in any way as 
imposing limitations upon die scope tiierBof On die contrary, it is to be clearly 
undeistood tiiat resort may be had to various odier eanbodiments, modifications, and 
equivalents fliereot which, after readmg die description herean, may suggest 
15 *an«avestofl>oseskinedindieartwiflioutd«|^^ 
invention and/or die scope of die appended claims. 

EXAMPLES 

2° EXAMPLE 1 

Mutagenesis and Selection cf Resistant Wheat Lines 

Approxixnatdy 15,000 seeds of die Jritoan monococo^ 
accession "TM23" was treated widi EMS. The mediod used was: (Opresoakseedin 
water for four hours, (2) treat widi 0.3% EMS for 16 hours, (3) rinse in water for 8 
25 horns, (4) air-dry for four hours, and (5) plant die seed. Some of die harvested seed 
was iiudia: increased witiiout selection for tolaaiK» to nmdazolinone heriiicides. 
The harvested seed was planted and treated widi 40 gflia of imazamox. A total of 120 
kg of seed was planted, resulting in qiproximately 2.4 million plants treated, 
assuming a kernel weight of 35 mg and 70% seedling emergence. The generation of 
seed screened ranged from M2 to M5, widi ovw 72% of seed at least M3. Five plants 
were identified as toloant, designated EMI tiirougji EMS. and transplanted to a 
greoihouse for seed production. EM2 was increased under imidazotmone heAidde 
selection prior to initial field testing (Example 4). 
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EXAMPLE2 

Transfer ofEM2from diploid Tritiam monococam to hexaphid T. aativum ^jp 
aesthnm ami then to tetngfhidT.turgidumssp durum 

BMMl is die designation of the T: monococam EM2 souice parent 
Qocas is the designation of the r.aes/h«msspac5tmOT 605floreteof 
cakus were pollinated with KMIMI poUeo. resulting in 84 F, seed. 38.409 florets of 
the F| plants were pollinated using Crocus pollai, resulting in 2 embiyos ^Aich were 
embtyo-rescued. The resultant BCiFi plants were selfed to BCiFj and treated with 20 
g(ha of imazamox. Of the 24 plants so treated. 11 were fully resistant, 7 showed 
.. some injury, and € werejwsceptible. Resistant plants weip crossed by the.bread 
wheat variety Teal. lepresentiiigtiie 3** dose of bread wheat Plants of flie resultant 
line, with a pedigree of Crocus*2/EM1MI//CDC Teal/3/ were crossed with either AC 
Elsa or AC Supab and coded respectively, 98PH8 (Elsa cross) and 98PH9 (Supeib 
15 cross), 98PH8 was crossed an additional six times with AC Elsa aiid 98PH8 was 
crossed an additional six times wifli AC JSiqxab. Two populations were coded as 
follows: 
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P00.35 = 9iFB8/6*msa. = Qocus*2AEM2//CDC Teal/3/7*AC Elsa 
20 P00.45 = 98PH9/6*Si)^ = Crocus*2/EM2//CDCTeal/3/7*AC Supeib 

S^regatiwi of flie badccross-derived plants in bofli populations fit an e]q)ected 1:1 
toleranLsuscq)tible single gene model when treated wifli 20 gfli of imazamox. As 
e5q)ected with that rate and a sih^e heterozygous tolerance gene in a bread wheat 
25 badcground, the plants scored as tolerant sustained some injury. Doubled haploids 
were phxiuced from each population using tiie maize pollination method. Seven 
resistant DH lines were obtained fiom POO.35 and 78 resistant DH lines were obtained 
fix)m P00.45. Hiose used in subsequot work have been shown to breed true for 
hobicide tol^^ance. 

r. ae^ivum was used as flie bridging species to transfer the ENC gene 
from T. monococam to T. turgidum. In each generation, plants woe treated witii at 
least a 20 g/h rale of imazamox prior to selectiAg plants as parents. An int^ediate 
T. aestivum conversion wifli flie pedigree "Crocus*2/EM2//CDC Teaiy3/2*AC 
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SvptA" toletant to imazamox was aossed by the dunm line AC Avonlea. The 
resultant Fi plants were sel&d to produce an F2 population, fiom which 52/390 plants 
were identified as resistant (no injury fiom habicide apphcation). Some of these 
were used as females and crossed by AC Avonlea. Hie resultant BCiF, plants were 
5 again crossed by AC Avonlea. For the subsequent two generations, AC Avonlea was 
vsed as the female. ITie lesuhant line was designated OODIMWl? and had ttie 
pedigree: AC Avonlea*2/3/Crocus*2/EM2//CDC Tea]/3/2*AC Superb //3*AC 
AvOTlw. This line was selfed to the F2, and F2 plants treated with 40 g/h of 
imazamox. Resistant F2phinls were advanced to the F4 generation. All 53 F4 plants 
tested survived appUcation of 80 g/h imazamox. Across F4:5 lines, no susceptible 
plants were found out of flie 124phmi8 treated^th 80 g/h of imazamox, indicating 
Etd>lei]^5ei1ionof IheEMZ geneinto adurumbadcground. 

EXAMPI£3 

15 ResuUs Jtegardiag Inheritance cflM genes and Allelic RelatUmsh^ Among Off 
Genes 

In aU the foUowing discussicm, fbs application rate of flie imidazolinone 
herijidde imazamox that was used in the inheritance studies was 20 grams per 

hectare. This rate was suffident Id IdU susceptibfe whe?tf plants. Parental material 
20 included is shown in Figure 4. 

During flie introgression process, tixe EM2 gene s^regated as expected 
for a single partiaUy dominant gene. Triticum monococaan bom. yviddk fbe BM2 
mutation was derived is a diploid wheat containing only the A genome. Hexaploid 
wheat has the A genome as well as flie B and D genome. Assummg that during 

25 mtrogression the EM2 gene was incorporated homologously into the A genome of 
hexaploid wheat as would be noimaUy expected, then the EM2 mutation in parental 
materials «EM2» and •'EM2FS4" described above would be on the A genome. Hie 
table below provides F2 segregation data that help elucidate alleUc relationships 
among the various mutants. No parental material, with tiie exception of the 

30 susceptible line Teal had any susceptible plants when treated witii imazamox; 
flierefor^ tiiese data are not shown. 

Lack of segregation in the F2 goiCTation mdicates that par«ital lines 
share at least one allele at a particular locus. F, segregation ratios of 3:1. 15:1, and 
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63:1 indicate, respectively, one. two. and tbree independent loci. TTie segregation of 
ISA wben crossed with tbe susceptible line Teal indicated two independent loci were 
involved wifli tolerance to imazamox (Figure 5, liae 2). EM2 is at a different locus 
ttanFS4(Rgure5.Line7). BM2 shares one locus with ISA (Figure 5. line 3). FS4 
5 «*ares one kK^us with ISA (Figure 5. line 4). The EM24^FS4 parent cro^ 
ISA also did not segregate in flujF, (Figures. line 5). FS4 appears to be on the D 
genome (Jim Andason. personal communication). EM2 should be on the A genome. 
Tliereftre, the two led involved with tolerance to imazamox in ISA should be on the 
A and D genomes. Paieiat llA when crossed with the susceptible Ime Teal 
aggregated as a single locus (Figure 5. line I). It was independent of the tolerance 
locusinEKQXFig«re5. Iine6)4aid re4 (F%Bre5^ As would be expected 

fiom the teck of segi^^gation ofEM2andFS4withlSA,UAwasako independent of 
the loci in ISA (Figure S. line 10) and the EM2+FS4 parent (Figure 5. line 8). 

Assmning fliat the AHAS genes are in a homok)gDus set in hexaploid wheat, there are 
IS only«»»eexpressedAHASgBnes.andeachoftheeaq^ 
genome, tiioi 1 1 A should be on the B genome. 

EXAMPLE4 

^^^^'^ to IM herbicides prtnnded fy EAG in Ei^ 
20 ^^oiuiincreasedtolerancewhencombinedwithotherfu>n-^^ 

The EM2 line tolerant to imazamox (Example 1) was evaluated at a 
single field location for various agronomic characteristics that could be afEeded by 
heri>icide injury. Data fiom the three years of evj^Juation are shown in Figure 6. Hie 
1998 data are means of two replications. Yield data fiom 1999 and 2000 are means 
25 offourrepUcations. The other data fiom 1999 are means of two replications. The 
Einkorn check was susceptible to 40 grams of imazamox. aU plants 
mutation in Einkom background conferred exceUent tolerance to the 40 g/ha rate. 

The EM2 line was evaluated for overaU crop injury at tiiree rates of 
imazamox. fliree times during the growing season. Ihese data are presented in Figure 
30 7. In 1999. only slight injury was seen initially, and symptoms gradually disappeared 
over flie course of flieseasoa In 2000. no injnry was observed in tiieEM2 line, while 
the non-h«bicide toloant check was virhially killed. 
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The toloance confmed by EM2 in duium (tetraploid) and bread wbeat 
OiKC^loid) backgrounds has also beoi demonstrated. The breeding history of flie 
lines tested was previously described (Example 2). As indicated in Example 2, when 
lines of ttie EM2 durum recovoy OODIMBfl? wae evaluated for tolerance to 80 
5 g/h of imazamox, all plants w^e tolerant, whUe aU plants of the suscq)tible durum 
line used as a check w^e killed, indicating that EM2 confers tolerance to flie hni 
class of herbiddes in a durum background. The doubled haloid dOTved line P00,45, 
composed of EKC in a hexaploid background, was tolwant to 20 g/ha imazamox as a 
paiCTtal diedc in allelism studies described in Example 3 ; all plants of the suscq)tible 
10 hex{q>Ioidcfaedc were killed at that rate. 

"~ combination of more than one hni-tolerance gene has been 
demonstrated to increase tolerance of wheat to imidazolinone hesbiddes. Four 
gmo^es were tested for tDlOTiH» to two diffaent r^ Gtaiotypes 
included an FS4 only line, BW755; Teal 15A, previously described as having two 
15 indq;>eaDdent lod for tolerance to Imi^erbiddes; a doublei^Ioid derived line of 
EM2+FS4, and a line derived fix)m the cross of 15A and llA, tfuou^ conventional 
bulk selection of flie most tolerant plants over successive gmerations at mmsum^ 
rates of imazamox. Rates of hnazamox included 200 and 600 ^ams per hectare. 
Seedlmginjury of the 18 to 25 plants per treatmcaat per geaiotype was rated on a pa- 
plant basis using five eateries ranging fiom deafli to no uijury. The data are 
summarized in Figure 8. 

No plants were killed at eitha rate. The singje gene line, BW755, 
contammg FS4, was mjured at both rates. Previous research has mdicated that llA 
and FS4 provide similar tolerance in bread wheat The two two-gene lines. Teal 15A 
25 and EM2/FS4 reacted similariy. No mjuryoccuned at ttiel^^ 

mCTeased tolerance over flie one gaie plant, but all were mjured at the hi^er i^e. 
The three g»e line was still segregating, as evidaiced by some plants exhibiting 
injury at both rates, but ^>proximatdy half the plants had no injury at ttie bluest rate, 
dononstrating increased toloaiice ovct dther of the two gene lines. 

30 
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CLAIMS 

WeClaini: 

1. A wheat plant compriang multiple IMI nucleic acids, wfaeran flie 
nucleic adds are fiom differait genomes and v^min flie i?^eat plant has 
increased resistance to an fanidazolmone herticide as compared to a wild-type 
vari^ of the plant 

2. The ^eat plant of claim 1, whorein the multiple IMI nucleic adds are 
selected fiom the groiq) consisting of an hnil nucleic add, an fini2 nucldc 

. add and an Iaii3 nucldc add^ 

3. The vAGat plant of claim 1, ^taran flie nnilt^le IMI nucldc adds 
caKXHie protdns comprismg a mutation in a conserved amino add sequence 
selected from flie group consisting of a Domam A, a Domain B, a Domain C, 
a Domain D and a Domain £. 

4. The wheat plant of claim 3, wherein die conserved amino add 
sequence is a Domain B. 

5. "nie wheat plant ofclaim 4, wh«dn the mutation results in a serine to 
asparagine substitution in the IMIprotdn as compared to a wild-type AHAS 
protein. 

6. The wheat plant of claim 1, wherein the multiple nucleic acids are 
selected fiom flie groiq> consisting of: 

a) a polynucleotide comprising SEQ ID NO: I ; 

b) a polynucleotide comprising at least 60 consecutive nucleotides of 
SEQIDNO:l;and 

c) a polynucleotide conq)lCTieQtary to SBQ ID NO:l . 

7- The ^eat plant of claim 1, \rfiCTdn one of the IMI nucleic acids 
con^)rises a polynucleotide sequ^ce of SEQ ID N0:1. 
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8. The wheat plant of claim 1, comprising two IMI nucleic acids. 

9. Hie wheat plant of claim 1, comprising three IMI nucleic adds. 

10. The ^iieat plant of claim 8 or claim 9, comprising an Tmi^ nucleic 
acid 

11. The wheat plant of any of claims 1-5, wfaoein the plant is transgenic. 

12. The wheat plant of any of claims whesiein &e plant is not 
transgenic. 

13. the wheat plant of claim 1, wheiem Hxe imidazolinone heihicide is 
sdected from tiiie grotq) consisting of 2-(4-isopropyl-4-m^yl-S-oxo-2- 
imidiazolinr2*yl)-iiicotimc add, 2-<4-isopn)pyi)-4-m^yl-5-oxo-2- 
imidazolin-2-yl>>3-qu]noIinecaiboxyIic acid, 5-eaiyl-2-(4-isopn)pyl-4-mediyl- 
5-oxa-2-imidazolin-2-yl)-]iicotinic acid, 2-(4-isopropyl-4-m^yi-5-oxo-2- 
imidazdtuH2*]^S-(me(hoxymearyQ-mcotimc add, 2-(4-isoprop)d-4-metfayl- 
5-oxo-2-imidazolin-2-y[>-S^ethylniootinic acid, and a mixture of methyl 6- 
(4-isopn>p:^-4^eaiyi-S-oxo-2-umdazolmr2-y]>m4ol^^ and meOiyl 2-(4- 
isopropyi-4-meth}4-SK>xo-2-imidazoIin-2-yl)-p-tohiate. 

14. The wheat plant of claim 1, wherein flie imidazolinone heibicide is S- 
ediyi-2-{4-isoprop^-4-methyl-SK>xo-2-imidazolin-2--yl)-nicotini acid. 

15. Tie wheat plant of claim 1, whorem flie imidazolinone heibidde is 2- 
(4-isopn)pyi-4-meai^-5-oxo-2-imidazolin-2-->i)-5<meaioxy^ 

acid. 



16. A plant part of flie wheat plant of claim 1. 

17. A plant cell of&e wheat plant of claim 1. 
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18. A seed produced by flie wheat plant of claim 1. 

19. The seed of claim 18, wfaeiein flie seed is true breeding far an 
iocieased resistance to an imida2X)linone heibidde as conq>ared to a wild type 
vari^ of the wheat plant seed. 

20. A ^eat plant conqnising an IMI micleic add, wfaeidn the nucldc 
add is a non-hml nucldc add and wheran the wheat plant has increased 
resistance to an imidazolinone hobicide as conq>ared to a wild-type variety of 
theplant — . . „. . 

21. The wheat plant of claim 20, wherein the IMI nocldc add is an Jnn3 
nucldc add. 



22. The ^es^ plant of claim 20, ^erdn the IMI nucldc add conq>rises a 
polynucleotide sequence of SEQ ID NO:L 

23. The wheat plant of claim 20, herein the imidazolinone herbidde is 
selected from the groiq> consisting of 2-{4-isoprop^-4-meth^-5-oxo-2- 
imidiazoliDr2-yl)-nicotinic add, 2-(4-isopn)pyl>4-m^yl-5-oxo-2- 
imida2X)lin-2-yl)-3-qumolinecarboxj1ic add, S-^yl-2-<4-isopn)pyl-4-meth^- 
5-oxo-2-imidazolin-2-yl>.nicotimc acid, 2-<4-isoprop^-4-melhyl-S-oxo-2- 
irnidazolin-2-yi>5-(methoxymethyI)-mcotimc add, 2-(4-isoprDp^-4-medi^- 
5-oxo-2-imidazolin-2-j4)-5-methylnicotiiuc acid, and a mixture of methyl 6- 
(4-isopropyi-4-methj4-5-oxo-2-imidazolin-2-yl)-m-toluate and medi^ 2-<4- 
isoprop)i'4-meth)i-SH)xo-2*iinidazolin-2-yl)-p-toluate. 

24. Hie ^eat plant of claim 20, herein the imidazolinone heibicide is 5- 
^yl-2-<4-isopropyl-4-methyi-5K>xo-2-unida2olin-2-yl)-mco^^ acid. 
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25: The wheat plant of claim 20, wheardn the imidazolinone herbicide is 2- 

(4-isopropyi-4-methyl-5-oxo-2-miida2olin-2-yl>5^^ 

acid 

26. A plant part ofthe wheat plant of claim 20. 

27. A plant cell of the wheat plant of claim 20. 

28. A seed produced by the wheat plant of claim 20. 

29: Hie seed of daim 28, wherein tide seed is true breeding for an 
incteased resistance to an imidazolinone h^icide as conq>ared to a wild type 
variety of the wheat plant seed 

30. The wheat plant ofclaim 20, \^erdm the plant is transg€iiic« 

3 1 . The Y/bsat plant of claim 20, ^eiein the plant is not transgenic. 

32. The i^eat plant of claim 31, vdierdn the plant has an ATCX; Patent 
Deposit Designation Numb^ PTA-4113; or is a recombinant or genetically 
eng^e^red doivative of the plant with AT(X Patent Dqx>sit Designation 
Number PTA-4113; or of any progeny of flie plant with ATCX; Patent Deposit 
Designation Number PTA-4113; or is a plant fliat is a progeny of any of these 



33. The wheat plant of claim 31, \rtierein the plant has an ATCX: Patrat 
Dq)osit Designation Number PTA-4113 or is a progeny of die plant with 



34. The wheat plant of claim 31, wha:)dn flie plant has flie herbicide 
resistance diaractoistics of the plant with ATCC Patrat Deposit Designation 
Number PTA-4113. 



plants. 



ATCC Patent Dq)Osit Designation Number PTA-41 13. 
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35. The wheat plant of claim 31, wherein flie wheat plant has an ATCC 
Patent Deposit Designation Numba: PTA-41 13. 

36. An isolated IMI nucleic acid, wh«em the nuclric acid comprises a 
polynucleotide selected fiom the groiq) consisting of: 

a) a polynucleotide of SEQ ID N0:1 ; 

. b) a polynucleotide comprising at least 60 consecutive nucleotides of 
SEQIDNO:l;and 

c) a polynucleotide c<mq>lementaty to the polynucleotide of SEQ ID 

NO:L 

37. The isolated IMI nucleic acid of claim 36, .wheieni tiie nucleic add 
comprises a polynucleotide of SEQ ID NO:l. 

38. A medK>d of controUmg weeds within Ihe vicmity of a wheat plant, 
comprising flying an imidazolinone heibioide to tiie weeds and the wheat 
plant, whcrdn tiie wheat plant has inoeased resistance to tiie imidazolmone 
herbicide as con^ared to a wild type vari^ of tiie wheat plant, wherem tiie 
plant comprises multiple IMI nucleic adds, and wh«dn flie nucldc adds are 
from difGarmt glomes. 

39. The metiiod of claim 38, wherem flie multiple IMI nucldc acids are 
selected ftbm the groiq) consistmg of an hnil nucleic acid, an Lni2 nucldc 
add and an Imi3 nucldc acid. 

40. The mettiod of claim 38, wherein flie plant conq)rises an hnB nucleic 
add. 

41. The mefliod of claun 38, wherein tiie multiple nucleic acids are 
selected fix>m tiie group consisting ot 

a) a polynucleotide comprismg SEQ ID N0:1; 

b) a polynucleotide comprising at least 60 consecutive micleotides of 
SEQIDNO:l;and 

c) a polynucleotide con[q)lemaitary to the polynucleotide of SEQ ID 

NO:l. 
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42. A mefbod of controlling weeds witiiin the vicinity of a v/hsat plant, 
cx>nqmsing q>plying an imidazolinone hotid^ 

plant, wherdn the wheat plant has moeased resistance to Ihe imidazolinone 
hobicide asncon^aied to a wild type vari^ of the ^eat plant, and wherein 
the plant comprises an IMI nucleic acid that is a non-Imil nucldc acid. 

43. The method of claim 42» wherrfn the IMI nucleic acid is an hni3 
nucleic acid. 

44. The mettx)d of claim 42, Therein IMI nucleic acid is sdected fiom the 
groiqi consistmg of: 

a) a polynucleotide oooqmsmg SEQ ID NO:l; 

b) a polymideotideoomprisang at least 60 consecutive nucleotides o 
SEQIDNO:l;and 

d) a polynucleotide oonq^loneatacy to the polynucleotide of SEQ ID 

N0:1. 

45. A m^faod of modifying a plant's tolerance to an imidazoUnone 
herbicide oomprismg modifying the eqiresaon of multiple IMI nucleic acids, 
^v^dieiein the nucleic acids are fix>m different genomes. 

46. The method of clahn 45, ^oein fibie multiple IMI nucleic acids are 
selected fiom ftie group consisting of an hnil nucleic acid, an Imi2 nucleic 
acid and an Tml^ nucleic acid. 

47. The method of claim 45, v^mn the plant comprises an liniS nucleic 
add. 

48. The method of claim 45, wherein the multiple nucleic acids are 
selected fiom the group consisting of. 

a) a polynucleotide comprising SEQ ID N0:1; 

b) a polynucleotide con4>rising at least 60 consecutive nucleotides of 
SEQIDNO:l;and 
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d) a polynucleotide complementary to the polynucleotide of SEQ ID 

N0:1. 

49. A method of modifying a plant's tolerance to an imidazolinone 
herbicide comprising modifying the expression of an IMI nucleic acid, 
wherein the nucleic acid is a non-hnil nucleic acid. 

50. The method of claim 49, wherein the IMI nucleic acid is an Imi3 
nucleic acid. 

51. The method of claim 49, wherein the IMI nucleic acid is selected from 
the group consisting of: 

a) a polynucleotide comprising SEQ ID NO: 1 ; 

b) a polynucleotide comprising at least 60 consecutive nucleotides of 
SEQIDNO:l;and 

c) a polynucleotide complementary to the polynucleotide of SEQ ID 

NO:l. 

52. A method of producing a transgenic plant having increased resistance 
to an imidazolinone herbicide comprising, 

a) transforming a plant cell with one or more expression vectors 
comprising multiple MI nucleic acids, wherein the nucleic acids are derived 
from different genomes; and 

b) generating from the plant cell a transgenic plant with an increased 
resistance to an imidazolinone herbicide as compared to a wild type variety of 
the plant. 

53. The method of claim 52, wherein the multiple IMI nucleic acids are 
selected &om the group consisting of an Imil nucleic acid, an Imi2 nucleic 
acid and an ImiB nucleic acid. 

54. The method of claim 52, wherein the plant comprises an ImiS nucleic 
acid. 

55. The method of claim 52, wherein the multiple nucleic acids are 
selected from the group consisting of: 
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a) a polynucleotide comprising SEQ ID NO : 1 ; 

b) a polynucleotide comprising at least 60 consecutive nucleotides of 
SEQIDNO:l;and 

c) a polynucleotide complementaiy to the polynucleotide of SEQ ID 

NO:l. 

56. A meSiod of producing a transg^c plant having inc]:eas6d resistance 
to an imidazolinone hobidde con:q)risingy 

a) transfonniog a plant cell with an expression vector comprising an 
IMI nucleic acid, wheidn flie nucleic acid is a non-Lnil nucleic add; and 

b) goieiating fiom tiie plant cell a transgenic plant with an increased 
^ resistance to an imidarx^linone hwbidde as con^>ared to a wgd ^pe variety of 

theplant 

57. The method of claim 56, wherem the IMI nucldc add is an liniS 
nucldcadd. 

58. The mettiod of claim 56, wfaerdn the IMI nucleic add is selected fiom 
the group consisting of: 

a) a polynucleotide con^rising SEQ ID NO: 1 ; 

b) a polynucleotide comprising at least 60 consecutive nucleotides of 
SEQIDNO:l;and 

c) a polynucleotide compl^CTtaiy to the polynucleotide of SEQ ID 

NO:l. 
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